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1. INTRODUCTION

In this volume we describe the model for the major and minor
neutral species in the ambient atmosphere and the ambient ionosphere
[ROSCOE Model 1]. The overall model consists of 11 subroutines of

which three are major subroutines:

a. ATMOSU provides the major neutral species and the gen-

eral properties of the ambient atmosphere,
b. SPCMIN provides the minor neutral species, and

c. IONOSU provides the ambient ionized species and the gen-

eral properties of the ionosphere.

For simplicity in presentation, we have adopted flexible defini-
tions of which species are major and which are minor. It is anticipated
that the meaning will always be clear to the reader in the context of the

usage.

The overall inputs, some intermediate outputs, and final outputs
for Model 1 are given in Table 1.

A flow diagram of the 11 subroutines, with their driver routine
for development and test problem, is given in Fig. 1. A brief, simpli-

fied description of the working of the 11 subroutines follows.

The subroutine ATMOSU is initialized on a call to ATMOSU(1,
120.) to set up needed parameters and to evaluate the solar-flux-
dependent Fourier coefficients used in computing the time-dependent
values of T (the variable controlling the temperature gradient at the |
lower boundary (120 km) of the high-altitude model) and T_ (the




Table 1. Inputs, Intermediate Outputs, and Final Outputs
for Major and Minor Neutral Species and
Ionosphere for Ambient Conditions
(ROSCOE Model 1)

INPUTS

Time: Year, month, day, and zone time

Place: Geographic colatitude and longitude; altitude

SOME INTERMEDIATE OUTPUTS

Time:

Solar-Cycle Property:
Minor Species:

FINAL OUTPUTS
Neutral Species:

Ionized Species (=2 90km):
Atmospheric Properties:

Ionospheric Properties:

Universal time, Julian day number,
local (apparent) time, index for day
or night

Solar flux at 10.7 cm

Fit parameters for day and night density
profiles

N2,102, O, Ar, He, CO9, N, NO, NOg,
02( Ag), 03, Hzo

e, O+, Mt

Pressure, density, density scale height,
and (gas) temperature

Electron (and N9 vibration) temperature,
effective ion-pair production rate
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exospheric temperature). In this call the values of the time (HL, hours),
the 10.7-cm solar flux (SBAR), and the day-or-night parameter (IDORN)
are determined by a series of calls from ATMOSU to five auxiliary sub-
routines (ZTTOUT, JULIAN, SOLCYC, SOLORB, and SOLZEN) and are
passed to ATMOSU through ATMOUP Common. After an initialization
call from ATMOSU to SPCMIN(1, ZH), daytime and nighttime fit parame-
ters are determined for O and CO2 and an initialization call is made to
IONOSU(1,ZH). During the initialization of SPCMIN, six calls to FITTER
and seven (direct) calls to SOLVE are made to determine the fit coeffi-
cients for the day and night profiles of the minor srecies NO, N,

1
02( Ag), 03, HZO’ and N02.

The working of the above-mentioned five auxiliary routines is

as follows:

a. Subroutine ZTTQUT, receiving from TIME Common the
input parameters year (IYRS), month (IMONS), day (IDAYS), and zone
time (ZT) at east longitude PLON, returns to TIME Common the year,

month, day, and mean or universal time (UT) at Greenwich.

b. Subroutine JULIAN, called with the input parameters of
year (IYRS), month (IMONS), and day (IDAYS), returns the Julian day
number at the first of the year (YRFJ), the Julian date for vernal equinox
(VEQJ), and the Julian day number on the day of interest (DAYJ).

c. Subroutine SOLCYC, called with DAYJ, computes the aver-
age 10.7-cm solar flux (SBAR), an input to ATMOSU through ATMOUP

Common.

d. Subroutine SOLORB, called with YRFJ, VEQJ, and DAYJ
and receiving UT from TIME Common, computes the Greenwich appar-
ent time GAT, placed in TIME Common, and returns the north latitude
(SOLLAT) and east longitude (SOLLON) of the subsolar point.




e. Subroutine SOLZEN, called with SOLLAT and SOLLON and
receiving PLAT, PLON, and GAT from TIME Common, computes IDORN
and HL, inputs to ATMOSU through ATMOUP Common.

Subroutine FITTER, called from both ATMOSU and SPCMIN
with values Y(I) of the dependent variable at NPTS values of the inde-
pendent variable X(I), the degree NO of the polynomial used as the fitting
function, an index IKIND denoting whether it is the dependent variable
itself or its natural logarithm that is to be fitted, and an index ISIGN de-
noting negative or positive exponents in the polynomial, returns the

polynomial coefficients determined by the method of least squares.

Subroutine SOLVE, called from Subroutines ATMOSU, SPCMIN,
and FITTER with elements A(I,J) of a matrix of constant coefficients,

returns the solutions of NO simultaneous linear algebraic equations.

The three major subroutines are ready for use after they have
been initialized. On subsequent calls to ATMOSU(2, ZH), with ZH the
altitude in kilometers, ATMOSU uses ATMOUP Common to return the
pressure (PP), the mass density (RHO), the temperature (TT), the num-
ber densities of six species (SNI(I), I=1,6), and the density scale height
(HRHO). On subsequent calls to SPCMIN(2, ZH), ATMOUP Common is
used to return the number densities of the six minor species (SNI(I),
1=7,8,13-16). On subsequent calls to IONOSU(2,ZH), ATMOUP Common
is used to return the number densities of the three charged species
(SNI(I), I=9-11) and the electron (and N2 vibration) temperature (SNI(12))
and IONOUP Common is used to return these same quantities (with dif-

ferent names) and the effective ion-production rate (QDEF).




2. AMBIENT ATMOSPHERE AND MAJOR NEUTRAL SPECIES

The main subroutine for the ambient atmosphere and the major !
neutral species is ATMOSU. It is based on the subroutine ATMOS de-
veloped by R. W. Lowen [Lo-73a]. For the convenience of the reader

E we have reproduced Lo-73a here as Section 2.1. Comments, revisions,

a LT d i Sea Le ) brie

1 and extensions to Lo-73a are given in Section 2.2. To facilitate finding

the location in Lo-73a to which a comment or change in Section 2. 2

applies, we have added an encircled letter (keyed to Section 2. 2) at
the appropriate location in the margin of the reproduced paper. The
correspondence between symbols in Lo-73a (and in the revisions and

extensions) and their Fortran names in ATMOSU is given in Section 2. 3.
See Fig. 2 for a simplified flow diagram of ATMOSU and Table 2

for a summary of inputs and outputs for ATMOSU.

2.1 AN AMBIENT ATMOSPHERE MODEL FOR ROSCOE

(On pages 15-27)
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Subroutine
ATMOSU

Initialization
Call
?

No

Is
Altitude,
ZH, above
120 km

Yes

Call auxiliary routines ZTTOUT,
JULIAN, SOLCYC, SOLORB, and
SOLZEN to get HL, SBAR, and
IDORN. Use day profile of [O]in
SPCMIN and call FITTER to com-
pute least-squares polynomial fit
coefficients for fpay. Compute
Fourier coefficients for tempera-
ture gradient variable and the
exoatmospheric temperature,
parabolic coefficients for density
scale height in 110- to 120-km
transition region, coefficients for
O(night) profile, coefficients for
COz2 profile in 100- to 120-km
transition region, N9 at 230-km
altitude for N-profile initializa-
tion, and atmospheric properties
at 90-km for IONOSU
initialization.

Return

HIGH ALTITUDE MODEL

Computes pressure, density,
temperature, density scale
height, and N9, Og, O, Ar, He,
and CO2 concentrations.

LOW ALTITUDE MODEL

Computes pressure, density,
temperature, density scale
height, and N9, O9g, O, Ar, He,
and CO9 concentrations.

Fig. 2. Flow Diagram of ATMOSU Subroutine.
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Table 2. Summary of ATMOSU Input/Output Variables.

INPUT VARIABLES
Argument List
JJ - Calculation flag

It {JJ = 1: calculate initialization parameters
JJ = 2: calculate atmospheric properties.

ZH - Altitude of interest (km).
ATMOUP Common
HL - Local time (hrs).
SBAR - Average 10.7-cm solar flux [10"22 W/(m2 Hz)].
IDORN - Parameter for day or night. If COSCHI is the

cosine of the zenith angle of the sun at point P,
IDORN is 1 for daytime, i.e., [F(COSCHI. GE.
0.0), and is -1 for nighttime, i.e.,
IF(COSCHI. LT. 0. 0).

TIME Common

IYRS - Number of the year in the 1900's (e.g., 1974
becomes 74) at east longitude PLON.

IMONS - Number of the month (e.g., February becomes
2) at east longitude PLON.

IDAYS - Day of the month at east longitude PLON.

ZT - Zone time for the 15-degree longitude interval
containing PLON (decimal hours).

PLAT - North latitude of point P (say, grid origin)
(radians).

PLON - East longitude of point P (say, grid origin).

ALTODN Common
NALTOD - Number of altitudes at which the daytime

O-values are specified as data in SPCMIN.

ALTKM(47) - The array of altitudes at which minor species
are specified as data in SPCMIN.
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Table 2. (Continued).

ODAY(27)
ONITE (18)

CO2(25)

OUTPUT VARIABLES

ATMOUP Common

PP
RHO
TE
SNI(1)
SNI(2)
SNI(3)
SNI(4)
SNI(5)
SNI(6)
HRHO
FEHSEQ

ALTODN Common

S1Z2N

The daytime O-values specified as data in
SPCMIN.

The nighttime O-values specified as data in
SPCMIN.

The COg-values specified as data in SPCMIN.

Pressure (dynes/cm2)
Density (g/cm3)
Temperature ("K)

N2 concentration (1/cm3)
O2 concentration (1/cm3)
O concentration (1/cm3)
Ar concentration (1/cm3)
He concentration (1/cm3)
CO2 concentration (1/cm3)
Density scale height (km)

Fractional error in hydrostatic equilibrium

N9 density at 230-km altitude for use in
N-density initialization in SPCMIN
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AN AMBIENT ATMOSPHERE MODEL FOR ROSCOE

R. W. Lowen
Science Applications, Inc., La Jolla, California 92037

ABSTRACT

An initial computerized model of the ambient
atmosphere has been developed for the ROSCOE code. The
model reproduces within a few per cent all the data of the
CIRA 65 atmospheres, extended smoothly to sea level in
conformity with the U. S. Standard Atmosphere. The routine *
is fast and requires only 120 cards, yet has a sound physical O
basis, so that many continuous derivatives are provided and
so that there is reason to believe the technique can be ex-
tended to newer atmospheric data as they become available.

1. INTRODUCTION

Science Applications, Inc. (SAI), has the responsibility for the devel-
opment of the next-generation radar and optical systems code ROSCOE,
with the General Research Corporation handling the systems aspects, under
sponsorship of the Defense Nuclear Agency. It is intended that this devel-
opment shall draw upon the phenomenology experience of the entire com-
munity. SAI must therefore take every opportunity to keep the community
familiar with the status of ROSCOE development, and to solicit contributions,
comments, and criticisms. Here we report on the status of one of the first
phenomenology modules to be available in preliminary form, namely a model

of the ambient atmosphere.

2. REQUIREMENTS OF THE MODEL

There are certain general requirements placed on all models for
ROSCOE, such as high speed, low storage need, high accuracy, generality,

high physics content, and smoothness. It is not always possible to achieve

B e e e
See Section 2.2 (p. 29ff) containing notes describing revisions.

15




all of these, but they are goals. Then there are specific requirements of
the ambient atmosphere model. The ambient atmosphere routine is required
to provide certain properties of the atmosphere when entered with values of
altitude (= 0), latitude, local time, day number, and year (or equivalent
parameter describing phase in the solar cycle). The desired outputs are
species densities and temperatures, and various quantities that are deter-
mined by these, such as mass density, pressure, scale height, mean molec-
ular weight, and so on. Outputs that are specifically excluded because they
will be considered separately are the ambient ionosphere and ambient winds.

Also excluded is tropospheric weather.

As for the general requirements on speed, accuracy, and storage,
the first is not likely to be severe; it would be difficult to write an atmos-
phere routine that contributed seriously to overall ROSCOE running time,
although called frequently. The accuracy requirement is first of all to re-
produce atmospheric properties within their experimental uncertainties.
This is not difficult, and turns out not to be the determining factor; rather,
if the code purports to reproduce some atmosphere model in general use, it
must do so with sufficient fidelity that the discrepancies produce no signifi-
cant differences from other codings of the same model. We have interpreted
this to mean that discrepancies should be no more than a few per cent in any

quantity that is important.

The storage requirement, however, is a serious one, and all but
eliminates certain kinds of models from consideration. Because atmos-
pheric properties depend not only upon altitude but also (in various altitude
regimes) on time of day, season, latitude, and solar cycle, and because so
many output quantities are wanted, simple interpolation from tabular data
would require very extensive tables (of course, not all would have to be in

the machine at any one time).




The requirement of generality means primarily that we want to choose
an adequate form for the preliminary model, although the details may change
as newer data become available. This can be achieved provided the model
has a sufficiently high physics content. Finally, the requirement of smooth-
ness means that it is desirable for the output quantities to possess as many

continuous derivatives as possible.

3. THE DATA BASE

It is expected that new CIRA (COSPAR International Reference At- @
mosphere) atmospheres will be issued shortly. Champion is preparing the

(1,2)

high-altitude models, using the ideas of Jacchia's static diffusion models.

®3)

Groves '’ is preparing the lower-altitude models. When these data become
available, they will presumably represent a sufficient improvement over the
data presently available that one will want to use them. At present, however,
one can only proceed with what is in hand now, and try to select a model

structure that can be readily adjusted to accept the new data.

The older atmospheric data come from the CIRA 65 models(4) and the
U. S. Standard Atmosphere(s), with the later models(s) of latitudinal and

seasonal variations. Data on minor species are not provided in these sources,

and generally have to be collected from the literature and collated; recent

(7

reviews by Strobel' ' and by Shimazaki and Laird(S) have been very helpful

and provide many references. i

Besides these data sets, the literature contains some examples of
attempts at simplified modeling of high-altitude atmospheres. Deriving from ’

(9)

an observation by Bates'’ that the equations describing an atmosphere in
diffusive separation can be solved exactly analytically for a certain form of
temperature profile, these models have been fitted to satellite data by Stein
and Walker(lo), to Jacchia atmospheres by Walker(ll), and to CIRA 65 by

Nisbet(lz).




4, THE PRELIMINARY MODEL

A structure for the Ambient Atmosphere Model has been chosen that
rests on a sound physical basis, that fits the currently-available(4’ 5) data
well, and that seems likely to be able to accommodate newer data as they
come along. It is convenient to divide the discussion into three sub-topics,
Major Species at Low Altitude, Major Species at High Altitude, and Minor

Species.

4.1 Major Species at Low Altitude (0 < z < 120 km)

For the preliminary ambient atmosphere model we have elected to
follow CIRA 65(4) in dividing the altitude regime into a low-altitude regime,
0= z< 120 km, wherein the major and inert species are thoroughly mixed so
that fractional concentrations are (almost) altitude-independent, and a high-
altitude regime where diffusive separation prevails (120 km < z). Under
these circumstances, the pertinent physics at low altitude comprises
(a) hydrostatic equilibrium, (b) the perfect gas law, (c) the law of partial
pressures, and (d) perfect mixing. Assumption (d) begins to fail above about
80 km altitude, because of solar dissociation of 02, and somewhat higher be-
cause of increasing diffusion. The model can still be preserved by using as

the defining quantity '""molecular-scale temperature,"

TM = M, T/M , (1)
where
T = the true kinetic temperature (OK),
M = the mean molecular weight,

M, = the mean molecular weight at sea level = 28. 96 g/mole.

This quantity is specified in both the CIRA 65 and U. S. Standard Atmospheres

as a piecewise-linear profile, which permits the remaining equations to be




integrated analytically. There are two difficulties with this procedure. First,
it does not satisfy our preference for an atmospheric model with continuous
derivatives. Second, CIRA 65 is not defined below 30 km altitude; U. S.
Standard is, but differs, although the two are fairly close near 40 or 50

kilometers.

To get around these two difficulties we have arbitrarily selected a
profile of the quantity g/ TM’ where g is the gravitational acceleration, that
agrees with Ref. (5) below 30 km altitude, agrees with Ref. (4) above 50 km
altitude, and more or less agrees with both between 30 km and 50 km alti-
tudes. The chosen profile is shown in Fig. 1, along with the profiles defin-

ing the two atmospheres.

We have next fitted this profile as a least-squares polynomial in

terms of the altitude, z(km). An eleventh-degree polynomial,

1
25 . (2)

— —

g
TmM k=0 K

fits to within a fraction of one per cent. The governing equations then yield

the pressure,

5 Z
2 M 10 o(Z) o
p (aynes/em® = b, expl- Mgt [ 53 ‘“J ©
M, 10° [? )

p. expl|- —— dz’
(o] L R 0 TMZZS

- p, exp|- M, R10 (kg+k1) R ) 4
L k=0
where
= 1.01325 x 106 dynes/cm2 (sea-level pressure),
R = 8.3143 «x 107 erg/g-mole-oK (universal gas constant).
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Figure 1. The Altitude Profile of Gravitational Acceleration

Divided by Molecular-Scale Temperature Adopted
to Define the Preliminary Ambient Atmosphere
Model for z < 120 km.
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Because of biasing problems in this fitting procedure, the fit (3) does
not provide an entirely adequate fit, especially at the important "join" alti-
tude of 120 km. This can be fixed by multiplying the result (3) by a small

correction,
p(x) = pg(z) exp[9.4144 x 1078 z2'833] ) @) (e)
where
P3 = the value given by Eq. (3).
With the auxiliary equations
3 2, 2
g =g, RJR,+2)" , (5)

- () ©
- () ()

n = (pL)/ (%’E) M, , @
n, = pL/M, , (8)
[N,] = 0.78n, , ®
[A] = 0.009 n, , (10) f\:
[0,] = 1.211n, - n (11)
[0] = 2n, (11?1 " 1) : (12) (1
[He] = 4.625 x 10" ° n, |, 13) (i)




P

]

s

~

this completes the low-altitude model, once M/M, is specified. Here the

symbols are:
8y = sea-level gravitational acceleration = 980. 621 cm/sec2
L = Avogadro's number,
g = the acceleration of gravity (cm/secz) at altitude z,
R_ = the radius of a spherical earth = 6367. 65 km,
p = mass density (g/cms),
T = kinetic temperature (OK),
n = total number density (cm-3),
n, = total number density if no dissociation (cm_3),

3)’

number density of O, (cm's),

—
Z
Do
el
|

= number density of N, (ecm™

number density of O (cm-s),

°
]

number density of A (cm-3),
3
)s

Note, please, that helium is included here among the ""major species,'" where

) [A]
[He]

number density of He (cm~

it clearly does not belong, because (a) it is necessary to provide a value at
the join altitude of 120 km, and (b) its physics in the low atmosphere is

probably more like that of the major species than like that of the minor ones.

The other problem facing the model has to do with M/M,. The CIRA
(4)

generated in the difficult region between 80 and 120 km altitudes, where

65 description’ ’ is too vague to permit one to understand how the model was
solar dissociation of O2 begins and where the importance of diffusion in-
creases. Results consistent with CIRA 65 are obtained if one follows a pro-

cedure of (a) first calculating [02] as at lower altitudes, and (b) then




dissociating some of the [O,], so that M/M, decreases. This gives the
equations

[0,] + 5[0] = 0.211n, (14)

, (15)

from which Eqgs. (11) and (12) follow. Our model is completed by a fit to
M/M, of the form

M/M, = 1/(1 +1) , (16)
where f is the quantity given by the eighth-degree polynomial fit
8

f = expzszb f\ zk} ; (17) @

the data actually fitted were values of M,[0O]/2Lp, with [O] taken from Ref. (4)
above 80 km, from Ref. (8) for 40 < z < 80 km, and artificially made to go to @
zero at z = 0.

4.2 Major Species at High Altitude (120 km < z)

For the preliminary high-altitude model of the ambient atmosphere

we have elected to adopt the Stein and Walker fode] as adapted by 6;1

(12)

Nisbet to CIRA 65. Nisbet has given Fourier-series fits to the local-time

variation of exospheric temperature and to the temperature gradient at 120 km
altitude, with coefficients that depend on the value of the 10.7 ¢m solar flux. G\

Using these, and with starting values at z = 120 km provided by the low-

altitude model, one has the analytic solutions for species densities,

g

((1 -a e-ﬂ:)’ ’ i

ni(z) — ni(120) exp{-ryic}

DT YN R




where

2
(z - 120) Re

; = i i *
@) t (Re i (Re T120) (geopotential altitude)* (19)
| ® v = mye/rkT_ 20)
o = thermal-diffusion coefficient
: = -0.4 for He, 0.0 for all other species considered,
a8 = AT =T, VT, (21) |
‘ T_ = exospheric temperature °K) .
?‘» T... = temperature at 120-km altitude (°K) , ]

120

R TR

' n,(120) = density of ith species at 120-km altitude (cm-3) :

k = Boltzmann's constant (erg/°K) ,

. -1
T = (T~ TIZO) (dT/dz)z=120 , (22)
m, = mass of the ith species (g/particle)
From the results of (18)-(22), any other quantity of interest can be found,
e.g., from the auxiliary equations
p = Z n, m, (23)
i

’/‘“‘,\ *An incorrect equation for € is given in both Refs. (10) and (11).

\ o




p=kT) n , (24)

M=p/2n , et (25)

2 02, O, A, and He.

Because H has been neglected, the mass density given will be too low at ex-

In the current model we have provided for N

tremely high altitudes. It is believed that this is an unimportant defect for

present purposes; H can readily be added if it matters.

4,3 Minor Species

Besides the major species that contribute most to the overall number
density, there are a number of minor species that are important to IR emis-
sion and transmission and other processes. These may include 03_. COZ’
OH, NO, CO, NOZ’ N20, HZO’ HOZ’ H, CH4, HNO3, and others. The basic
experimental data on the altitude distribution of these species are sketchy at
best; theoretical understanding can hardly be any better. Their distribu-
tions are believed to be governed by a combination of transport and chemical

(8)

processes. The most elaborate calculations consider only vertical trans-
port, and have been sharply criticized(7) for both their boundary conditions

and for their numerics.

In view of these difficulties, it was decided to defer modeling of the
minor species until development of the chemistry and IR models has pro-
ceeded to the point where it is more clear just what is needed. Then a model
will be provided using what data exist. Unfortunately, this model will un-

doubtedly have a weaker basis in physics than the major species models.
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S. SUMMARY AND CONCLUSIONS

The preliminary ambient atmosphere model as described above has
been programmed in FORTRAN for exercise and evaluation. The program
has been used to calculate entire atmospheres for local times of 0, 4, 8, 12,
16, 20 hours and solar 10.7-cm flux values of 75, 150, and 225 «x 10722 watts/
m2 c/s (CIRA 65 Models 2, 5, and 8). Casual inspection shows that the re-
sults are correct everywhere to within a few per cent, except that in regions
where a species is unimportant it may be given less accurately. Unfor-
tunately, a very thorough comparison with the data-base models would have
to be automated, and would involve a vast amount of keypunching atmosphere
tables, so this has been foregone. It is also difficult to illustrate compari-
sons graphically when the quantities agree to a few per cent while varying

over 17 orders of magnitude.

No special care has been taken to optimize this version for speed,
since it is to be re-programmed at GRC for that purpose. Nevertheless,
the current version gives results for a single altitude in about 1 msec on the
CDC 7600.

It is clear that the preliminary model is still incomplete; lacking are
(a) latitudinal and seasonal variations, (b) minor species models, (c) multi-
temperature models, and (d) consideration of excited states. Work on (a)
has been deferred pending receipt of the newer CIRA atmosphere models,
expected soon. Work on (b), (c), and (d) has been deferred until work on
the chemistry and IR models has proceeded far enough to establish a better
definition of model requirements. Meanwhile, the preliminary model has
been delivered to permit early running of the overall ROSCOE Code.
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2.2

p.

p.

para. 2

v v v D

COMMENTS, REVISIONS, AND EXTENSIONS TO LOWEN'S
PAPER [Lo-73a]

15

17

19

20

21
21

.21

21

21

22

The 120 cards in the original ATMOS (noted in the abstract)
have increased to about 300 in Revision 09 of the Subroutine
ATMOSU with an additional 300 substantive comment cards.
The total number of cards in the deck (for ATMOSU,
SPCMIN, IONOSU, their DRIVER, and their associated

subroutines) is about 2318.

CIRA-1972 [CI-72] has now been published.

In the first of Eqs. (3), M should appear as M(z’) in the

integrand. The remaining equations are correct.

The analytic fit to the profile in Fig. 1 is given by Eq. (2).
In Eq. (4), read p(z) instead of p(x).

In Eq. (10), read [Ar] instead of [A].

The coefficient 0. 009 in Eq. (10) is close to the value,
0.008615, required to reproduce the value given by CI-65
for [Ar] at 120 km, and it is also close to the value,
0.00934, given by US-62 for sea level composition.

In Eq. (12), note that the factor [(M,/M) - 1] equals the
quantity f appearing in Eqgs. (16) and (17).

The coefficient 4. 625 X 10”2 in Eq. (13) is required to re-
produce the value given by CI-65 for [He| at 120 km, but
it is quite different from the value, 5. 24 > 10'6. given by

US-62 for sea level composition.

Read Ar instead of A (twice).




0.

p. 23

p. 23
para. 1

p. 24

In Eq. (17), note that M,[O]/2Lp = f.

The [O]-values for 40 < z(km) < 80 were taken from the
noon, summer curve in Fig. 5 of Ref. 8. (Provision for
day and night values of [O] is made in ATMOSU.)

The Stein and Walker model assumes that the temperature

profile is

-r¢

T=T, -(T (17a)

-~ Ty90) ©

Nisbet's Fourier-series fits to the local-time (HL) depend-
ence of the exospheric temperature T_ and to the tempera-
ture gradient 7 at 120-km altitude, with coefficients that
depend on the value of the 10.7-cm solar flux (F) associ-
ated with the CIRA-1965 tables, are given by

2m i HL i 2m i1 HL
TQO:ZC(F cos( ) ES ( 53 )
(18a)
5 ! 5 B
= Z'Ai(F) cos(y—%;{—L) + Bi(F) sin(n—ég—l‘-)
=0 i=1
(18b)

Values of the coefficients are given in the computer program.
Equation (19) should read

1 z (z - 120)(Re + 120)
—— f gdz’ = o (19-Rev)
€120 “120 e

(ol
"

1]

geopotential altitude above 120 km.

30




p. Pp. 24  Equation (20) should read

¥ =, glzo/‘r kT, (20-Rev)

q. Pp. 24 Delete footnote.

r. P. 25 Equation (25) should read

M = Lo/ ) n, (25-Rev)
i

S. p. 25 Add Section 4.4, Density Scale Height.

By starting with the definition of density scale height,

i p(z)/(-dp/dz) , (26)

and using the analytic expressions given in the paper, one

finds that for the low-altitude model

5 11
M, x 10° g 1 k-1
H = |—= - g kz
. K T, 8T kz=:1 k
- 2.66710 x 10~7 1-833 _ = 2 _ (27)
e

and for the high-altitude model

Zni(z) m,
i
p (R +120-¢
i

_Tc
ae
hRe—Iz—); n,(2) mi[yi (1o 4y,) Te-rf]

(28)

To provide a continuous density scale height across the

boundary between the low- and high-altitude models, the

following parabolic transition function can be used,




t. p. 25

2

Hp(z) = a(z - 110)° + b(z - 110) + ¢, 110 = z(km) = 120
(29)
where
= H (110
c p( )
b = derivative of density scale height at 110-km altitude,

taken to be given by [Hp(llO. 5) - Hp(109. 5)]/1. 0.

job)
{]

[H,(120) - 10b - H,(110)}/(120 - 110)2 |

Add Section 4.5, An Evaluation of the Departure from

Hydrostatic Equilibrium.

The possible departure of the ROSCOE atmosphere
from hydrostatic equilibrium is of interest, and we report

our findings here.

4.5.1 Low-Altitude Model in ATMOSU

In the low-altitude portion of ATMOSU, the pressure,
given by Eq. (3) of Lo-73a, is (initially) obtained by inte-
grating the hydrostatic equation,

Q.IQ.
N|T

:—pg, (30)

However, owing to limitations in fitting g/T, a correction

factor is used to obtain the final expression for the pressure,

b
p(Z) = pg(Z) i (31)

where Z is in kilometers and

& -
®k ksl

p3(Z) = p, exp|- ¢ kz%) ) Z (32a)




8

A = 9.4144 x 10 (32b)

b = 2.833 (32¢)
5

c =M, 10/R . (32d)

To numerically test the extent to which the ATMOSU
atmosphere departs from hydrostatic equilibrium, we

evaluated the quantity

10™° dp/dZ _
g

FEHSEQ = = ; N (33)

which is the fractional amount by which the acceleration at
a point due to the pressure gradient fails to balance the
acceleration due to gravity. By differentiating Eqs. (31)
and (32a) and using Eqs. (2) and (6) of Lo-73a, one can re-
write Eq. (33) as

W kpel g

FEHSEQ = -~ : sae
g/ TM M,

(34)

The results of evaluating Eq. (34) are given in Section 4. 5. 3.

4.5.2 High-Altitude Models

The high-altitude model in ATMOSU is closely re-
lated to the CIRA-65 model [CI-65]. So, before examining
the ATMOSU high-altitude model, we consider the CIRA-65

model.

4.5.2.1 CIRA-65 Model. One can test the departure of
the CIRA-65 atmosphere from hydrostatic equilibrium by

first noting that the pressure scale height, a quantity tabu-
lated in CIRA-65, is defined by the expression




= p
o - T o

so that, if hydrostatic equilibrium obtains, the relation

_dp
dz

= ol
= Pg (36)
p

should be satisfied. The quantity FEHSEQ in Eq. (31),

FEHSEQ = g pp 5 1 (cgs units) , (37)
p

has the same meaning as in Eq. (33). An evaluation of
Eq. (37) for the CIRA-65 Model-5 8-hr atmosphere shows

that FEHSEQ varies from -9. 96 X 10_4 at 120-km altitude

to -6. 53 x 10'3 at 800-km altitude. These errors are

probably due to errors in numerical integration.

4.5.2.2 High-Altitude Model in ATMOSU. The ATMOSU
high-altitude model is the Stein-Walker model as adapted
by Nisbet to CIRA-65. To evaluate Eq. (33), one needs an

expression for dp/dZ, which one can show, after consider-

able algebra, to be

g‘rkTv I
L =he ™
€120 :

T (38)

(1 + ai + )’i) a e-Tc)'

.

d
'T;.Z“i(yi““
1

l1-ae




4.5.3 Numerical Results

For the low-altitude model in ATMOSU, one finds
that the pressure derivative is too small to maintain hydro-
static equilibrium by a fractional amount that ranges from
0 at 0 km to 0. 020 at 120-km altitude.

In the high-altitude model, for HL = 11. 66 hrs and
SBAR = 157. 57, the pressure derivative is too small to
maintain hydrostatic equilibrium by a fractional amount
that inereases from 9.0% 1077 at 120-km altitude to
1. 05>< 10" at 320-km altitude and then decreases to 1.8 x

10™ © at 800-km altitude.

2.3 SYMBOLS IN LOWEN'S PAPER AND ITS EXTENSIONS AND
THEIR FORTRAN NAMES IN ATMOSU

Symbol Fortran Definition
a sA Eq. (21).
[Ar] SNI(4) Argon number density.
Ai A(I) Fourier coefficient for 7.
Bi B(I) Fourier coefficient for 7.
Ci C(I) Fourier coefficient for T_.
f SF M,[O]/2Lp; see Egs. (16) and (17). In

SFDAF(ZH) ATMOSU, SFDAF(ZH) is used for the day-
time profile of f.

f DD(I) Coefficient in polynomial fit to f, Eq. (17).
In ATMOSU, DD(I) is used for the daytime
profile of f.

F FF The 10. 7-cm solar flux associated with the
SBAR CIRA-~1965 tables.




Symbol Fortran

g GG
GAF(ZH)

g GZ

=6

g, AA(D)

g/ Ty, GDTM
GDTMAF(ZH)

f Tg(zz) dz’ GDTMI
3 M GTMIAF(ZH)

£
2g. kz  GKKZ
1

GKKZAF(ZH)
(He] SNI(5)
HL HL
H HRHO
P

Hp(llO) HRO110
Hp(llO. 5) HR1105
Hp(109. 5) HR1095
Hp(lZO) HRO120

de(llO)/dz DDZ110

k SK

L BIGA
m, SMI(I)
M

Definition

Acceleration of gravity at altitude z.

Sea-level gravitational acceleration.
Coefficient in polynomial fit to g/TM.
Ratio of g to TM’ Eq. (2).

Integral of g/TM.

Derivative of g/TM.

Helium number density.
Local time, in hours.

Density scale height.

Density scale height at z = 110 km.
Density scale height at z = 110. 5 km.
Density scale height at z = 109. 5 km.
Density scale height at z = 120 km.

Derivative of density scale height at 110 km.
Boltzmann's constant.
Avogadro's number.

Mass of species i.

Mean molecular weight.




Symbol Fortran
M, BIGMS
M/M, BMBMS
n SN
n, SNS
n,(z) SNI(I)
ni(120) SNIZ(I)
[N, ] SNI(I)
[0] SNI(3)
[02] SNI(2)
p PP
D, PZ
P3
R RR
Re RE
Si S(I)

T Wk
M

T120 TZ
T, TIF
Z ZH

Definition
Mean molecular weight at sea level.

Ratio of M to M, for day (noontime)
conditions.

Total number density.
Total number density if no dissociation.
Number density of species i at altitude z.

Number density of species i at 120-km
altitude.

Molecular nitrogen number density.
Atomic oxygen number density.
Molecular oxygen number density.
Pressure.

Sea-level pressure.

Basic factor in pressure, given by Eq. (3).
Universal gas constant.

Radius of a spherical earth.

Fourier ccefficient for T .

Kinetic temperature.

Molecular-scale temperature, Eq. (1).
Temperature at 120-km altitude.

Exospheric temperature.

Altitude.




i
|

Symbol Fortran

ozi ALP(I)
Y. GAM

! GAMT *SMI(I)
= ZZ
L PI
o) RHO
dp/dz DRODZN
T TAU

Definition

Thermal-diffusion coefficient.

Eq. (20).

Geopotential altitude (above 120 km).
3.141592653590.

Mass density.

Spatial derivative of p.

Variable controlling the temperature gradient
at 120-km altitude, Eq. (22).
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3. AUXILIARY SUBROUTINES FOR ATMOSU

The purpose of the five auxiliary subroutines ZTTOUT,
JULIAN, SOLCYC, SOLORB, and SOLZEN is to convert inputs that are
convenient for the user to the inputs required by ATMOSU, SPCMIN,
and IONOSU. It is assumed the user will locate his coordinate system
in space and time by stating the geographic north latitude and east
longitude, the date, and zone time (based on 15-degree intervals of
longitude) in a 24-hr system. These auxiliary routines determine the
universal time, Julian day number, local (apparent) time, the solar
zenith angle viewed from the origin, an index denoting day or night,

and the 10.7-cm solar flux.

These subroutines (except ZTTOUT) had their origin in the
AFWL WORRY code (where they were known as JULIAN, SOLCY, ORB,
and ZSOL) and were revised when they were incorporated into the early-
version ROSCOE code [LL-75]. These routines, to which ZTTOUT was
added, were further revised and laden with comment cards under the

contractual effort for the current ROSCOE code.

3.1 SUBROUTINE ZTTOUT

Subroutine ZTTOUT converts a Gregorian calendar date (speci-
fied by stating the year in the 20th century (IYRS), the month (IMONS),
and the day (IDAYS)) and zone time (ZT) at a given east longitude (PLON)
to the Gregorian calendar date and mean (or universal) time (UT) at

Greenwich.

See Table 3 for a summary of inputs and outputs for ZTTOUT.




Table 3. Summary of ZTTOUT Input/Output Variables.

INPUT VARIABLES
Argument List

None
] TIME Common

IYRS - Number of the year in the 1900's (e.g., 1974
becomes 74) at east longitude PLON

IMONS - Number of the month (e.g., February becomes 2)
at east longitude PLON

IDAYS - Day of the month at east longitude PLON

ZT - Zone time for the 15-degree longitude interval
containing PLON (decimal hours)

PLON - East longitude of point P (radians)

OUTPUT VARIABLES
Argument List

None
TIME Common

IYRS - A possibly revised value of the input parameter,
corresponding to Greenwich

IMONS - A possibly revised value of the input parameter,
corresponding to Greenwich

IDAYS - A possibly revised value of the input parameter,
corresponding to Greenwich

UT - Universal time corresponding to the zone time ZT

(decimal hours)




3.2 SUBROUTINE JULIAN

Subroutine JULIAN converts a Gregorian calendar date (speci-
fied by stating the year in the 20th century (IYRS), the month (IMONS),
and the day (IDAYS)) to Julian day number (DAYJ) for use by Subroutine
SOLORB.

See Table 4 for a summary of inputs and outputs for JULIAN.

Table 4. Summary of JULIAN Input/Output Variables.

INPUT VARIABLES
Argument List

IYRS - Number of the year in the 1900's (e. g., 1974
becomes 74) at Greenwich

IMONS - Number of the month (e.g., February becomes 2)
at Greenwich

IDAYS - Day of the month at Greenwich
Common

None

OUTPUT VARIABLES
Argument List

YRFJ - Julian day number (a half integer) at 0 hrs UT on
January 1 of the year of interest
VEQJ - Julian date for vernal equinox
DAYJ - Julian day number (a half integer) at 0 hrs UT on
the day of interest
Common
None
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3.3 SUBROUTINE SOLCYC

Subroutine SOLCYC computes the 10. 7-cm solar flux (SBAR),
an input to ATMOSU through ATMOUP Common, based on an assumed
sinusoidal 11-year (or 4018-day) variation. The maximum value of
250 for SBAR, associated with Model 9 of the CIRA-65 atmosphere has
been assigned the date of 1 June 1958. The minimum value of 65 for
SBAR is associated with Model 1 of the CIRA-65 atmosphere.

See Table 5 for a summary of inputs and outputs for SOLCYC.

Table 5. Summary of SOLCYC Input/Output Variables.

INPUT VARIABLES
Argument List

DAYJ - Julian day number (a half integer) at 0 hrs UT on
the day of interest

Common

None

OUTPUT VAKIABLES
Argument List

None
ATMOUP Common
SBAR - Average 10.7-cm solar flux [1. 0E-22 W/(m2 Hz)|
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3.4 SUBROUTINE SOLORB

Subroutine SOLORB computes the north latitude (SOLLAT) and
i east longitude (SOLLON) of the apparent (actual motion) subsolar point,
given the Julian day number at 0-hours UT on 1 January of the year of

interest (YRFJ), the Julian date at which vernal equinox occurs (VEQJ),
the Julian day number at 0-hours on the day of interest (DAYJ), and the

universal time (UT).

See Table 6 for a summary of inputs and outputs for SOLORB.

Table 6. Summary of SOLORB Input/Output Variables.

k INPUT VARIABLES
: Argument List

YRFJ - Julian day number (a half integer) at O hrs UT on
January 1 of the year of interest

VEQJ - Julian date for vernal equinox

DAYJ - Julian day number (a half integer) at 0 hrs UT on
the day of interest

TIME Common

] UT - Universal time corresponding to zone time ZT
(decimal hours)

OUTPUT VARIABLES
Argument List
SOLLAT - North latitude of subsolar point (radians)
SOLLON - East longitude of subsolar point (radians)
TIME Common

GAT - Greenwich apparent time (decimal hours)
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3.5 SUBROUTINE SOLZEN

Subroutine SOLZEN computes COSCHI, the cosine of the solar
zenith angle at a point P, given the geographic north latitude (PLAT)
and east longitude (PLON) of the point P and the north latitude (SOLLAT)
and east longitude (SOLLON) of the subsolar point. The day-or-night
parameter IDORN is +1 for daytime, i.e., if COSCHI =2 0.0, and is -1
for nighttime. The local apparent time (HL) is also computed from the
Greenwich apparent time (GAT) and the east longitude of the point P
(PLON).

See Table 7 for a summary of inputs and outputs for SOLZEN.

Table 7. Summary of SOLZEN Input/Output Variables.

INPUT VARIABLES

Argument List
SOLLAT - North latitude of subsolar point (radians)
SOLLON - East longitude of subsolar point (radians)

TIME Common

PLAT - North latitude of point P (say, grid origin)
(radians)
PLON - East longitude of point P (radians)

OUTPUT VARIABLES
Argument List

None
ATMOUP Common
IDORN - Parameter for day or night. If COSCHI is the

cosine of the zenith angle of the sun at point P,
IDORN is 1 for daytime, i.e., IF(COSCHI. GE. 0. 0),
and is -1 for nighttime, i.e., IF(COSCHI. LT. 0.0)

HL - Local apparent time (decimal hours, e.g., 2230
hours becomes 22. 50 hours)
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4. MINOR NEUTRAL SPECIES

4.1 SUBROUTINE SPCMIN

The ROSCOE high-altitude chemistry module " Vol. 117 requires
the minor neutral species O, COz, N, and NO. Analytic-fit profiles
for day and night at all altitudes are provided for O and CO, in Sub-

2
routine ATMOSU. The profiles for N and NO are provided in Subroutine

SPCMIN.

The ROSCOE low-altitude chemistry module "Vol. 117 requires

in addition to O, C02, N, and NO, the minor neutral species H,O,
O

2
2(lAg), Og, and N02, which are also provided by SPCMIN.

The inputs and outputs for SPCMIN are summarized in Table 8.

The nature of the functions used for fitting the adopted data-base values
"Vol. 14bY at noon or midnight in various altitude ranges is given in

Tables 9 through 16 for O, CO,, N, NO, H,0, Oz(lAg), Oy and NO,.

Table 8. Summary of SPCMIN Input/Output Variables.

INPUT VARIABLES
Argument List

KK - Calculation flag
=1, calculate initialization parameters
= 2, calculate atmospheric properties

ZH - Altitude of interest (km)
ATMOUP Common
IDORN - Index for day or night
= +1, day
= -1, night

(cont'd)




Table 8. (Continued).

S1Z2N

DATA
ALTKM(47)

NALTOD

NALTND

NDEGND

NALTNN

NDEGNN

NALTNO

NDEGNO

NKMH20

NDGH20

NALTO2

NDGO2D

NKMNO2

ALTODN Common

N9 density at 230-km altitude for use in
N-density initialization.

Altitudes at which minor species densities are
specified as data

Number of altitudes between 0 and 130 km used
to establish the arithmetic function used for
daytime O densities between 0- and 120-km
altitude.

Number of altitudes between 40 and 230 km
used to fit the daytime N densities.

Degree of the polynomial used to fit daytime N
densities between 40- and 230-km altitude.

Number of altitudes between 85 and 230 km
used to fit the nighttime N densities.

Degree of the polynomial used to fit nighttime
N densities between 85- and 230-km altitude.

Number of altitudes between 0 and 120 km used
to fit the daytime NO densities.

Degree of the polynomial used to fit daytime
NO densities between 0- and 120-km altitude.

Number of altitudes between 0 and 120 km used
to fit HZO densities.

Degree of the polynomial used to fit the H20
densities between 0- and 120-km altitude.

Number of altitudes between 0 and 50 km used
to fit daytime Og(1A o) densities.

Degree of the polynomial used to fit the daytime

02(18g) densities between 0- and 50-km altitude.

Number of altitudes between 0 and 160 km used
to fit the daytime NO2 densities.

(cont'd)
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Table 8. (Continued).

NDGNO2

ODAY(27)
ONITE (18)
CO2(25)
ANODAY(25)
ANONIT(18)
ANDAY(47)
ANNITE (47)
02SDGD(47)
O2SDGN(47)
O3DAY(27)
O3NIT(27)
H20DN(25)
SNO2D(33)

SNO2N(33)

Degree of the polynomial used to fit the day-
time NO9 densities between 0- and 160-km
altitude.

Noontime data-base values of [O] at altitudes
0(5)130 km*

Midnight data-base values of (O] at altitudes
0(5)85 km *

Data-base values of [CO2] at altitudes 0(5)120
km *

Noontime data-base values of [NO] at altitudes
0(5)120 km *

Midnight data-base values of [NO] at altitudes
0(5)85 km*

Noontime data-base values of [N]at altitudes
0(5)230 km *

Midnight data-base values of [N]at altitudes
0(5)230 km *

Noontime data-base values of [Oz(lAg)] at
altitudes 0(5)230 km *

Midnight data-base values of [02(144)] at alti-
tudes 0(5)230 km*

Noontime data-base values of (O3] at altitudes
0(5)130 km*

Midnight data-base values of [O3] at altitudes
0(5)130 km™*

Data-base values of [H9O| at altitudes 0(5)120
m‘

Noontime data-base values of [NO2| at altitudes
0(5)160 kr™*

Midnight data-base values of [NO9g]| at altitudes
0(5)160 km *

e

*
See Vol. 14b.

(cont'd)




Table 8. (Continued).

OUTPUT VARIABLES
Argument List

None

ATMOUP Common

SNI( 7)
SNI( 8)
SNI(13)
SNI(14)
SNI(15)
SNI(16)

ALTODN Common

NALTOD
ALTKM(47)
ODAY(27)
ONITE (18)
CO2(25)

N density, 1/cm
NO density, 1/cm
Oz(lAg) density, 1/cm
Og4 density, 1/cm
NO density, 1/cm

2

HZO density, 1/cm

w W W W w w

See input
See input
See input
See input

See input (Note that the COg densities from 0-
to 100-km altitude are reset in Subroutine
ATMOSU by using a constant mixing-ratio of
3.2x10-4))
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Table 9. Fit Functions for O Profiles.®

Altitude Range,

km Description
Day
0-120 Not O but f is fitted by a 12th-degree polynomial
> 120 ATMOSU high-altitude model
Night
0-60 Constant at data-point value
60-75 Exponential, with slope determined by data points
at 60 and 75 km
75-90 Sth-degree polynomial, to match data points at

75(5)85 km and daytime fit-function at 90 km and
derivatives of 60-to-75-km fit-function at 75 km
and daytime fit-function at 90 km

90-120 Daytime fit-function
> 120 ATMOSU high-altitude model

AFits are made not in SPCMIN but in ATMOSU.

Table 10. Fit Functions for CO, Profile.

2
Altitude Range,
km Description
Day or Night
0-100 Constant mixing ratio of 0. 00032 in ATMOSU low-
altitude model
100-120 6th-degree polynomial, to match ATMOSU low-

altitude-model value at 100 km and data points at
105(5)120 km and derivatives of low-altitude-model
function at 100 km and ATMOSU high-altitude-
model function at 120 km

> 120 ATMOSU high-altitude model




Table 11. Fit Functions for N Profiles.

Altitude Range,

km Description
Day
0-40 Constant at data-point value
40-230 8th-degree polynomial, determined by least
squares for data points at 40(5)230 km
= 230 Proportional to Nz,;1
[N] = JINVIN B [N,]
| 27 2
230
Night
0-85 Constant at data-point value
85-230 6th-degree polynomial, determined by least
squares foy data points at 85(5)230 km
= 230 Proportional to Ng,*
[N] = {[NVIN,DE Ny
230

AThis procedure makes [N] dependent on the time to the extent that
[Ny] is dependent on the time.
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Table 12. Fit Functions for NO Profiles.

Altitude Range,
km

Descrintion

Day

0-120

120-125

> 125

Night

0-50
50-55

55-85

85-100
> 100

12th-degree polynomial, determined by least
squares for data points at 0(5)120 km

Parabolic transition function, determined by the
120-km data point, the derivative at 120 km (esti-
mated by using the daytime fit-function values at
115 and 120 km) and a prescribed value at 125 km.
(The 125-km value is determined by the require-
ment that the slope of the function be continuous at
125 km. See Vol. 14b.)

Exponential, determined by the prescribed value
at 125 km and a solar-flux dependent value at
215 km.

Constant at data-point value

Exponential, determined by data points at 50 and
55 km

8th-degree polynomial, to match data points at
55(5)80 km, daytime fit-function value at 85 km,
and derivatives of 50-to-55-km fit function at

55 km and daytime fit-function at 85 km

Daytime fit-function

A prescribed altitude-dependent fraction of the
daytime fit function
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Table 13. Fit Functions fcr H,O Profile.

2
Altitude Range,
km Description
Day or Night
0-120 12th-degree polynomial, determined by least

squares for data points at 0(5)120 km
= 120 Exponential,

[H,0] = [H2O]120 exp[-0. 166(h - 120)] ,

where [H9Oly9( is determined from the fit func-
tion from 0 to 120 km.

Table 14. Fit Functions for Oz(lAg) Profiles.

Altitude Range,

km Description
Day
0-50 10th-degree polynomial, to match data points at
0(5)50 km
50-75 Exponential, determined by data points at 50 and
75 km
75-90 Sth-degree polynomial, determined by data points

at 75(5)90 km and derivatives of 50-to-75 km fit-
function at 75 km and 2 90-km fit-function at 90 km

=z 90 Exponential, determined by data points at 90 and
105 km
Night
0-70 Constant at data-point value
70-80 Exponential, determined by data points at 70 and
80 km
80-100 oth-degree polynomial, determined by data points

at 80(5)95 km and values of daytime fit-function and
its derivative at 100 km

=100 Daytime fit-function
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Table 15. Fit Functions for O3 Profiles.

Altitude Range, f
km Description i

Day

0-40 9th-degree polynomial, to match data points at
0(5)40 km and derivative of 40-to-75-km fit-
function at 40 km

40-75 Exponential, determined by data points at 40 and
75 km
75-90 5th-degree polynomial, to match data points at

75(5)90 km and derivatives of 40-to-75-km fit-
function at 75 km and 2 90-km f{it-function at

90 km

= 90 Exponential, determined by data points at 90 and
105 km

0-55 Daytime fit function

55-70 5th-degree polynomial, to match davtime fit-

function at 55 km, data points at 60(5)70 km, and
derivatives of 0-to-55-km fit-function at 55 km and
70-to-75-km fit-function at 70 km

70-75 Exponential, determined by data points at 70 and
75 km
75-90 5th-degree polynomial, to match data points at

75(5)90 km and derivatives of 40-to-75-km fit-
function at 75 km and = 90-km fit-function at 90 km

= 90 Exponential, determined by data points at 90 and
105 km
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Table 16. Fit Functions for NO, Profiles.

2
Altituae Range,
km Description
Day
0-160 12th-degree polynomial, determined by least
squares for data points at 0(5)160 km
> 160 Exponential, with slope determined by fit-function

values at 140 and 160 km, and passing through fit-
function value at 160 km

Night
= [Noz]night i [NO]day * [Nozlday ¥ [Nolnight
55-65 Exponential, with slope determined by fit function
at 55 km, and passing through data point at 65 km
65-82 Exponential, with slope determined by data point
at 65 km and by daytime fit-function value at
82-km altitude
> 82 Daytime fit function

4.2 AUXILIARY SUBROUTINES

A brief description of the operation of Subroutines FITTER
and SOLVE is given in Section 1.

4.2.1 Subroutine FITTER

A summary of inputs and outputs for Subroutine FITTER is

given in Table 17.

4,2.2 Subroutine SOLVE

A summary of inputs and outputs for Subroutine SOLVE is

given in Table 18.




Table 17. Summary of FITTER Input/Output Variables.

INPUT VARIABLES

Argument List

NPTS - Number of data points

X(1) - Values of the independent variable, e.g.,
altitude (km)

Y(I) - Values of the dependent variable, e.g., species
concentration (cm'3)

NO - Degree of polynomial to be fitted.

IKIND - Index for kind of equation to be fitted.

I

NO
1 if equation is In(Y) =) A - ea
n=0

NO
3 S _ n
= 2 if equation is Y = Z An D,
n=0
ISIGN - Index for sign of exponents

1 for negative exponents

Il

2 for positive exponents

Common

None

OUTPUT VARIABLES
Argument List

Z(J) - The least-squares fit coefficients. Z(1) corre-
sponds to AO. Z(2) to Al’ ete.
Common
None




Table 18. Summary of SOLVE Input/Output Variables.

INPUT VARIABLES
Argument List

A, J) - Element (I,J) of matrix of constant coefficients
for NO simultaneous linear algebraic equations
NO - The number of equations
Common
None

OUTPUT VARIABLES
Argument List

X(K) - The least-squares fit coefficients. These are the
same as the output Z(K) from FITTER and the
same as DD(K) in ATMOSU.

4.3 PLOTS OF MINOR NEUTRAL SPECIES PROFILES

Comparisons of the fit-function values with the data~base
values T Vol. 14b7 of minor species densities are given in Figs. 3 through
10. Broken lines (solid for noon, dashed for midnight) connect data-
base values at 5-km intervals. Circles represent fit-function values at

5-km intervals.

Plots of day and night values for five of the minor species den-
sities of interest in the D region appear in the very recently published
handbook by Knapp and Schwartz [KS-75, Fig. 8-1], reproduced here
as Fig. 11. To aid in comparing our results with the handbook results,
we have used their scales to replot our fit functions for the same spe-

cies, shown in Fig. 12.
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5. AMBIENT IONOSPHERE (SUBROUTINE IONOSU)

See Table 19 for a summary of inputs and outputs for IONOSU

S E- AND F-REGION IONOSPHERIC PROPERTIES

The E- and F-region chemistry module requires the following
quantities:

a. q, the effective total ion production rate that reproduces

b.
[,
d.
RANC IV uses unsatisfactory steadv-state formulas |[GE-70,
Eqs. (2-276), (2-274), and (2-275)] for q, O, and M. The derivation
|GE-T0] of the RANC IV equations is incomplete because there are a

number of tacit, (unnecessary) simplifying assumptions. The exact

solutions may be derived as follows.

Equations (2-270) and (2-271) of GE-70, for steady-state con-

ditions, become

[07]=0=q,-80"-el0"]{0]+ M (1)
[M™] = 0 = qy+B8l07]- e [M7] O]+ [M"]§ , (2)

the ambient ionosphere when used with the chemistry

model (Cm.3 sec 1)

0", the positive atomic-ion density i~ %)
M, the positive molecular-ion density iy

T‘(, the electron and (N, vibration) temperature ( K)

2
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Table 19. Summary of IONOSU Input/Output Variables.

INPUT VARIABLES
Argument List
JJ - Calculation flag

It § JJ=1: calculate initialization parameters
| JJ=2: calculate ionospheric properties

7ZH - Altitude of interest (km)
ATMOUP Common
IDORN - Parameter for day or night. If COSCHI is the

cosine of the zenith angle of the sun at point P,
IDORN is 1 for daytime, i.e., IF(COSCHI. GE.
0.0), and is -1 for nighttime, i.e.,
IF(COSCHI. L.'T. 0. 0)

SNI(1) - N2 concentration (1/cm3)
SNI(2) - O, concentration (1/cm3)
SNI(3) - O concentration (1/cm3)
g - Heavy-particle temperature ( K)

ALTODN Common

ALTKM(47) - The array of altitudes at which minor species
are specified as data in SPCMIN

RATE Function Routine

Reaction rate coefficients for chemical reac-
tions (This routine prepared by Knapp and
Jordano T Vol. 111.)

DATA
HEBOTD - Altitude below which the daytime electron den-
sity decreases exponentially and above which
the logarithm of the daytime electron density
increases parabolically (km)
EBOTD - Daytime electron density at altitude HEBOTD

(1/em3)

(cont'd)
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Table 19. (Continued).

HF2MXD

EF2MXD

EDDSCH

F2DSCH

HEBOTN

EBOTN

HF2MXN

EF2MXN

EDNSCH

F2NSCH

TXT120

TXT200

TXT800

DQDAY(18)

Altitude at which the maximum daytime elec-
tron density occurs (km)

Daytime electron density at altitude HF2MXD
(1/cm3)

Scale height with which the daytime electron
density decreases below altitude HEBOTD (km)

Scale height with which the daytime electron
density decreases above altitude HF2MXD

Altitude below which the nighttime electron
density decreases exponentially and above
which the logarithm of the nighttime electron
density increases sinusoidally (km)

Nighttime electron density at altitude HE BOTN
(1/cm3)

Altitude at which the maximum nighttime elec-
tron density occurs (km)

Nighttime electron density at altitude HF2MXN
(1/em3)

Scale height with which the nighttime electron
density decreases below altitude HEBOTN (km)

Scale height with which the nighttime electron
density decreases above altitude HF2MXN.

The difference between the electron tempera-
ture and the gas temperature at 120-km alti-
tude in the ambient daytime ionosphere ( K)

The difference between the electron tempera-
ture and the gas temperature at 200-km alti-
tude in the ambient daytime ionosphere ( K)

The difference between the electron tempera-
ture and the gas temperature at 800-km alti-
tude in the ambient davtime ionosphere ( K)

The effective total ion production rate at alti-
tudes 0(5)85 km that reproduces the ambient

daytime D-region ionosphere when used with
the chemistry model (ion pairs [em? secl)

e —— T —— e

(cont'd)
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Table 19. (Continued).

OUTPUT VARIABLES

DQNIT(18)

ATMOUP Common

SNI(9)
SNI(10)

SNI(11)

SNI(12)

IONOUP Common

EFE
EFOP
EFMOLP
X
QDEF

The effective total ion production rate at alti-
tudes 0(5)85 km that reproduces the ambient
nighttime D-region ionosphere when used with
the chemistry model (ion pairs/|em? sec|)

Electron concentration for ZH = 90 km (lf<'m3)

Atomic oxygen ion concentration for ZH = 90 km
(1/cm3)

Molecular ion concentration for ZH > 90 km
(1/em3)

Electron (and N9 vibration) temperature ( K)

See SNI(9) above.

See SNI(10) above.
See SNI(11) above.
See SNI(12) above.

The effective total ion production rate that re-
produces the ambient ionosphere when used
with the chemistry model




where

[M"]

(6 =

positive atomic-ion density (cm-3)

positive molecular-ion density (cm-3)
-1

= atomic-ion production rate (em™2 sec’ V)
= molecular-ion production rate (cm'3 sec—l)
kI[Nzl - k2[02]

: ! A0 3,
ion-molecule interchange rate coefficient (cm”/sec)
’ N 3
ion-molecule charge-exchange coefficient (cm”/sec)

effective two-body collisional-radiative recombination rate
coefficient for atomic ions (cmS/sec) |KJ-74b]
;i 3

|

kll(Tx) + kyo(T)) le] + 1.5% 107" [e[ T;

)
= radiative recombination rate coefficient for the reaction

O re>0 %

collisional-radiative recombination rate coefficient for the
reaction O  +e+e~-0 +e

diisociative recombination rate coefficient for the reaction
M’ + e - products (em3/sec).

By assuming charge conservation,

le] = [07]+[M"] , (3)
one can write Eqgs. (1) and (2) as
q, - BlO"]- & [0][e] = 0 (4)

q2+MOW-a&MWb]:O . (5)

i i GBS -~ S i idratnie. SRS b i e S A &




ql:fq ) (6)

where
= "-——LQ]—— (7)
(O] + 2[M]
and
q = ql - qz A (8)
By adding Eqs. (4) and (5) and using Eq. (8), we have
a4 = ey M+ e [0} [e] . (9)

We have five equations [(3), (4), (5), (6), and (8)] and six vari-
ables; we can get analytic solutions for the five variables if we regard

the electron density as given.
Equations (4) and (6) give

fq - BlO"]-« [0"][e] = 0 (10)

or

Use Eqgs. (9) and (11) to eliminate q:

jolM ]+ e J0" ]} [e] = 48 + o [e]j 7 10"] . (12)

Eliminate [M'] from Eq. (12) by using Eq. (3) to get

2
adf[el

B + [e][adf +a,.(1 - f)]

[07] =
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Eliminate [O+] from Eq. (11) by using Eq. (13) to get

o, [e]2 {1 i ar[e] B'l}

1+[e] g fof + o (1- D)

q:

Thus we have expressed q as a function of [e|. This equation differs
from the corresponding equation in RANC IV |GE-70, Eq. (2-276)] by

containing terms involving ar.

The reader who likes Eq. (13) for [O"] can use it, of course,

. =
but we have used another expression for [0 |,

! o ) 1. MG | (15)
i ' B +ale] {
[

obtained by solving Eq. (11) for [O+|. since q is known from Eq. (14).

From Egs. (5), (8), (6), and (3) we get

] - A1)+ Ble] (16)
,[3 + ad[el

J

It may be shown that the sum of [O"] and [M"], as given by Egs. (15)
and (16), satisfies the requirement of charge conservation expressed by
Eq. (3): this is not true for the corresponding RANC IV equations
|GE-70, Eqs. (2-274) and (2-275)|.

In Subroutine IONOSU we use Eqs. (14), (15), and (16) to com-
pute q, O], and [M’

after prescribing analytic fits to nominal profiles

it st o A st
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of E- and F-region electron density [Ri-73, Fig. 1] and electron tem-

perature |Ev-73].

The prescribed electron-density profiles in the E- and F-region
for noon and midnight conditions are shown in Fig. 13. The fit functions

used to obtain these profiles are described in Table 20.

The prescribed electron temperature profile and the heavy-
particle temperature profile in the E- and F-region for noon and mid-
night conditions are shown in Fig. 14. The fit function used to obtain
the electron temperature profile is described in Table 21.

For approximately mean solar-flux conditions, SBAR S
158 X 10-22 W m—2 Hz-l, profiles of q are shown for noon and midnight
conditions in Fig. 15 and the corresponding values of O and M are

shown in Fig. 13.

5.2 D-REGION IONOSPHERIC PROPERTIES

The D-region chemistry module requires the following
quantity:

q, the effective total ion production rate that adequately

reproduces the ambient ionosphere when used with the

chemistry model.

The modeling of q in the D region (and lower) is offered with
reservations; it may need to be improved if experience shows that this

topic is more important than it is presently assumed to be for radar.

For the D region, q is determined by specifying data points at
30- and 60-km altitude and by requiring the fit function to be continuous
with the value of q derived from the E- and F-region model at 90-km
altitude. The fit function is extrapolated below 30-km altitude for

modeling convenience and not on a physical basis.
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Table 20. Fit Functions for E- and F-Region
Electron Density Profiles.®

Altitude Range,
km Description

Day

90-100 Exponential, determined by data-point value
(EBOTD) at 100-km altitude (HEBOTD) and scale
height EDDSCH

100-300 Parabola, determined by data-point values EBOTD
and EF2MXD at altitudes HEBOTD and HF2MXD
and vertical slope at altitude HF2MXD

> 300 Exponential, determined by data-point value
(EF2MXD) at 300-km altitude (HF2MXD) and
scale height F2DSCH

Night

90-100 Exponential, determined by data-point value
(EBOTN) at 100-km altitude (HEBOTN) and scale
height EDNSCH

100-360 Sinusoid, determined by data-point values EBOTN
and EF2MXN at altitudes HEBOTN and HF2MXN
and vertical slope at the same altitudes

> 360 Exponential, determined by data-point value
(EF2MXN) at 360-km altitude (HF2MXN) and scale
heigt - F2NSCH

a : . o
Based on Fig. 1 in Ri-73.
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Table 21. Fit Function for Electron Temperature Profile.

Altitude Range,

km Description
Day
<120 Same as heavy-particle temperature
= 120 The difference between the electron temperature

(Tx) and the gas temperature (T) is prescribed to
be zero at 120-km altitude and 500 K at 200-km
altitude. The parabola

T - T = 500 [(ZH - 120)/80f

is then used.
Night

=0 Same as heavy-particle temperature

The data adopted are based on the calculations of Webber

[We-62] for the ion-production rate due to galactic cosmic ravs. Webber
|[We-62, Fig. 2| presents results in the altitude range from 30 to 90 km
for two geomagnetic latitudes (50 and 70°) and for sunspot-minimum

and sunspot-maximum conditions. For the geomagnetic latitude of 50 ,
Webber [We-62] finds q -0.04 and q__. = 0.08 at 60-km altitude

max min
=2.1and q_. =4.5 at 30-km altitude. We adopt solar-

ax min
cycle mean values of 0. 06 and 3.3 at 60- and 30~-km altitude, respec-

and
qm

tively. The interested reader may also wish to consult Ra-72 (Fig. 2.3)
and Po-73a (Figs. 2 and 3).

The profiles of q in the D and adjacent regions for noon and
midnight conditions are shown in Fig. 16. The fit functions used to ob-

tain these profiles are described in Table 22.
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Table 22. Fit Functions for Effective Ion Production Rate
in D and Lower Regions.

Altitude Range,
km Description

0-60 Exponential, determined by data-point values at
30- and 60-km altitude

60-90 Exponential, determined by data-point values at
60-km altitude and daytime value of q from E-
and F-region model at 90-km altitude

Night

0-60 Same as daytime

60-90 Exponential, determined by data-point value at
60-km altitude and nighttime value of q from E-
and F-region model at 90-km altitude




6. DRIVER, LISTING OF COMPUTER PROGRAM,
AND SAMPLE PROBLEM RESULTS

A short driver routine is provided to exercise the ATMOSU,
SPCMIN, IONOSU, and associated routines. The required input con-
sists of the year, month, day, zone time, geographic colatitude and
longitude of the point of interest, a set of test altitudes, and the number
of such altitudes. Input quantities are more specifically described be-
low in Table 23. The driver, after reading and writing the input, first
initializes the ATMOSU routine by the call ATMOSU(1,120.). The
driver next loops over the test-altitude array, exercises the ATMOSU,
SPCMIN, and IONOSU routines for each altitude, and prints out the re-

sultant atmospheric and ionospheric property values.

A listing of the driver, ATMOSU, SPCMIN, IONOSU, their
associated subroutines, and outputs from two sample problems are

provided.

The quantities in the output block at each altitude are labeled
in the headings. The last four entries (E, O', M, and N') in row-two
of the output block at each altitude (= 90 km) are computed by Subroutine
CHEMQ and are included for comparison with the quantities E, 0", and
M’ in row-one computed by IONOSU. Subroutine CHEMQ, prepared by
Knapp and Jordano " see Vol. 117 for use with the NRL Simple-
Chemistry module, computes steady-state ionization for the E- and

F-region.




Table 23. Input Quantities to DRIVER

NALTS -
(FORMAT-I5)

ALTA(I) -

Number of test altitude values

Test altitude values (km), eight values per card;
NALTS values in total

(FORMAT-8F10. 2)

IYRS -
IMONS -

IDAYS -
4T -

GCO -

GLO -

Number of the year in the 1900's at east longi-
tude GLO (e.g., 1974 becomes 74)

Number of the month at east loncitude GLO
(e.g., February becomes 2)

Day of the month at east longitude GLO.

Zone time for the 15-degree longitude interval
containing east longitude GLO.

Geographic colatitude of grid origin or whatever
reference point is desired (degrees)

Geographic east longitude of grid origin or
whatever reference point is desired (degrees)

(FORMAT 315. 3E10.4)




B

53 WRITE(6,2002) (1,81 1S(T1),151,NALTS)Y DRIVER,S8
2un2 FNRMAT (5X,A(TR,2%,Fin,2)) DRIVER,S9

71 wP1TE(sH,2004) TYRS,[MUNS,IDAYS,LT,G6C0,6L0 URIVER,60
2004 FNKMAT (//,RH TYRS =15,10KH IMINS 2815,10K [DAYS =15/ DRIVER 5}

* Rk 7T 2F12,4,1dH HKS GCN =t1e,4d,14R DFG GILO =F12,4, URIVER, k2

* UH DFGY URIVER, 43

€ CONVERT GO AND 6L FRUM DEGRFES TU KADIANS, DRIVER, b4

112 GEO = GED*RADDER LRIVER kS
113 6l U = GLI*RADNER DRIVER k8
C IDENTIFY TWF GRT) ORIGIN AS THE POINT P, DRIVER,s7

{ $ 14 PLAT = PIN2eGCN URIVER, 48
: 11h PIUN = 6LO URIVER, kY
(& L‘QIVEQ,"O

C # *« INITTA| I7F TWE ATMNSU ROUTINF DRIVER, 71

[t DRIVER, 72

t47T WRITECO,8020) DRIVER,73}
RO20 FORMAT(//20H TNTTTALIZATION CALL,//) URIVER, T4

C DRIVER,7S

$213 CALL ATMOSUC1,120,) URIVER, 76
¢ DRIVER,77

125 WEITE(6,2006) TYRS,IMONS,INAYS,2T,6(N,6L0 DRIVER, T8
2088 FONMAT (//,84 TYyRS =315,10K IMUNS 315,10H IDAYS =15/ DRIVER,79

* RAM 771 2F12,4,14H HRS GCN =zE12,d,14H RAD GLU =F12,4, DRIVER,RQ

v UM RAD) URIVER RY

145 WRITE(6,2008) TDNRN,IIT,GAT,PLAT,PLON ORIVER,R2
20N5 FNRMAY (//,RH INURN =715,10H UT sE12,4,10M GAT =E12,4,10H URIVER RS

* PLAT =E12,4,)0NX PLON =E12,4d) ORIVER,8d

16% WRITECH, 2008y , SRAR DRIVER .85
2003 FNRMAT(//,5H KL 3,F10,3,5X,7H SRAR =,F10,3) ORIVER,Re

(& DRIVER,B7

C « =+ |1 0NP JVER TEST ALTTITUDFS URIVER,RB

C URIVER,RQ

173 wRITE(6,8002) URIVER,Q0
ROone FNRMAT (1HQ,129H ALY N2 ne n CRIVER,9]

* AR HE Cu? F N+ Me DRIVER,Q2

« GNEF 710x,908%, 081 /0C, 8%),2%,10%1/7(CC SEC)) DRIVER,Q3

177 wRITE(6,R00%) DRIVER,S4
RONS FNRMAT (1H(,9X 120K N NI() NU2 N2(SNGIURIVER,Q8

* ng HoN F Ne My DRIVER,98

* N+ F10x,10(Sx, 4"y /CC, %)) DRIVER,97

203 wETITE(R,RNGU) ODRIVER,98
RONu FORMAT ({HM),QY,72H PRESSIIRE FEMSER UFNSITY DEN SC HYDRIVER,99

. TEMP E TEMP /10X, 72H DYNES/CMewD GRAMS/CLRIVER,100

. WM DEG X DER X ) DRIVER,101
207 PN S0 I1=]NALTS DRIVER,102
211 IH = ALTSCTY DRIVER,108
71% CALI ATMASU(2,72KN) QD]V§D‘|Q,|
215 CALL SPEMINI2,2W) URIVER,108
217 CALL TONUSU(R,2M) DRIVER, 104
2201 ENER = 0,0 LRIVER,107
22’ UPw =3 N,0 LRIVER,10R
202 ENPD =2 0,0 DRIVER,109
221 [F( ZM,L 7,90, Yy GO YO 4s DRIVER, 11D
P2k cnNe s SNICY)Y DRIVER, 11
227 CNe 2 8SNIC(2) VRIVER, 12
230 LY = SNT(Y) ORIVER,113
232 Cy) 2 SNTTR) DRIVER.114
3% CNUS = SVT(T7) DRIVERW T 1S
235 CNeh = 1,0 DRIVER, 116
234 CNP 2 0,0 DRIVER,117
237 CNP 2 0,0 DRIVER, 118
40 CENE 2 0,0 DRIVER,119
2un tv s Tx UNLVE Sy 88
2u2 1F = Tx ORIveR, 121
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24? | e S ORIVER,12?2

244 CALL CHEMG(NDFF ,ENPA,NPQ,ENFQ) DRIVER,12%
247 4S8 EMPN = FNFGe(PRwENPN DRIVER 12U
257 WPITECH,R008) ZH,(SNY(J)sJ=146),t5N11J),039,11),00FF,SNIT7), DRIVER,125
. SNT(R),SNI(18),SNI(13),8N1(14),8NI(16),ENEQ,NPA, DRIVER,126

. FMPQR,ENPR, PP FERSEN, RHN, HrHU, T, SNT(12) DRIVER, 127

A0NS FNRMAT (1X,F9,2,10E12,3/(10%X,10E12,%)) DRIVER, 128

138 S0 CONTINUF DRIVER, 129
(s DRIVER,130

34n ~RITE(6,9050) DRIVER, 131
9080 FNORMAT( /7,20 END (JF TEST PRORLFM) DRIVER,1382

| 14l GN T §10Ln DRIVER,133
144 END URIVER, 134
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ATMOSU

SURNOIITINE ATMOSUCJT, 7H) DRIVER,15S
c ORIVER, 1364
C ATMOSI POMPHITES THE PRUPERTTIES NF THE UNDTSTURKFD AaTMNSPHFRE, DRIVFR, 137
C GIVFN THE ALTTITUDF 7w, AFTER ASSUFTATED SIHBROUITINES CHMPFUTE DRIVER,158
C THE L NCAL APPARFNT TIME WL, SIOLAN FLUX SBAx, AND NAYeNKeNTGHT DRIVER,139
€ PARAMFTFR [DURN, DRIVER, 140
c ATMOSLE TS RFYISTON 09 (0e/02/75) NF ATMOS DFVFLAPED BY P, w, DRIVFER, 14}
c LOWFSN (SEF, AN AMRIFNT ATMOSPHERE MODEL FNR RNSCLE, P, 187, DRIVER, 14?2
C VAL, § NF PROC, OMA {9737 ATM(SPHERIC EFFECTS SYMPNSTUM, DNA& ORIVER, 143
C 3131Pes, S TUNE 1973,) URIVER, 14U
C RFVISTIN 0p (06/07/74) PROVIDFS URIVER,14S
¢ 1, IN HIGHeALTTTUDE MODEL, FNR USE UF GAF(120,) INSTEAD Nk DRIVER, 14k
L GaF(0,) &£ G7Z IN CNOMPUTING LAM AND 27, URIVER, 147
C Pe NDFHSITY SCALE HFIGHT FIR ROTH (Naw AND HIGHeAL TTTUDF URIVER,1UR
C MONF( S, wlTH AN AD HNC PARARUI IC TRANSITION FROM 1i0e TADRIVER,149Q
C 120°k™ ALTITUNE TN PROVIDF A CONTINUOIS ODFNSLITY SCALE DRIVER 160
¢ HFIGHT ACRIISS THE ROUNDARY RETWFEN THF Twf MUNRELS, DRIVER 151
L Y, ALTFRFD FURMULA FAR ) DENSITY UN FIRST CALL AND AT LOW URIVER, 182
C ALTTTUDE SN AS TU USg SFeFUNCTINN DIRFCTLY, URIVER,15%
C U, CAMMENT CARDS, DRIVFR, 154
€ REVISTUN 0% (10/2%/74) PROVIDFS URIVER, 155
C S, PRIVISINN FNK DAY (R NIGHT VALUFS (JF ATAMIC OXYREN DRIVER, 154
C (NBTATNED FROM THE MINOR SPECTES SURKNUTINE SPCMIN) URIVER 157
= FNOR ALTTTIINFS BELOW 120 KM, DRIVER, 15R
€ by AITOMATFD PROCEPURE FNR EVALUATING CONSTANTS TN DFENSITY DRIVER, 159
£ SCALPeNFIGHY FORMIILA (ISFU IN THE (i0e Tl (2pekM VRIVER, 160
{7 TRANSTTTIUN REGION, DRIVER, 161
(5] 7, PROCENURE FAR LETTING SNLARK FLUX SBAR, AN INPUT T( DRIVER, 1k
¢ ATMAOSL, HE NETERMTINFD BY THF AUXILIARY RUUTINF SOICYC, DRIVFR,183
C A, PROCENURE FNR LFTITING THE LNCAL (APPARENTY) TIME wl, DRIVER, 1064
5 AN TNPUT T ATMIISII, RBF NETERMINFD KRY THE AUXILIARY URIVER, 165
= SURRITINE SULNRK, CRIVER 16K
€ 9, PRAOCENURE FNKk LETTING THE DAY UR NIGHT PARAMETER TUORN ORIVER, 167
C RE NETERMINED ®Y THE AUYILIARY SURRAUTINE SOLTZEN, DRIVER,16R
¢ RFVISION 04 (12/0R/74) PROVIDFS DRIVER, 169
€ 1h, CARR(IN DINXTDF AS THF STXTH SPEFIFS IN ATMUSU, wITH DRIVER,170
C PROFILE SPECIFIED BY R, F, MYFRS ON {2/07/74, DRIVER, 1714
( 11, FVALUATIUN NF pEPARTYURE FRUM HYDROSTATIC FUIIlL IRRTUM, ORIVER 172
¢ 127, & FLAG, ZHFLAG, TN INSURE THAY SURRNUYINES TUNOSL AND DRIVER,17%
¢ SPCYMIN ARE CALLED aT THF SAME ALTTTUDE AT wWIfh aTHMASU DRIVER,174
€ AA8 | AST CaLLFD, URIVER, 17K
C 1%, DAY AND NIGHT PRUOFILES NF ATOMIC OxYGFN SPErIFIFD BY DRIVER, 176
C M, F, MYERS (N 11709774 AND [1/23/74, RESPECTIVELY, DRIVER,177
C {4, CNRREFTFD PRUCEDURE FNR EVALUATING CONSTANTS TN DENSITY DRIVER,17A
C SCALFwHFEIGHT FURMULA ISFD IN THF 110e TN {2A=kM ORIVER, 179
k& TRANSTTION REGION, DRIVER, 180
c 18, CORREFTED CNNSTANT TN LNweALTTTUDE FURMULA FUR NENSTTY DORIVER,181
L SCAlLp HELIGHT, URIVER,182
€ RFVTISTON a5 (n2/gu/s7s) PROVIPFS URIVER,18%
L 16y INTFRFACE wWITH SPCMIN WHICH NNw COMPUTES NENSTTIES OF DRIVER, 184
o M1y N, NO, NR2y NO(SINGLET DELTA )y AND O3, DRIVER, 1KS
C 17, INTFRFACE WTTM TUNOSU wHICGH NNOW (DMPUTES THWF FFERECTIVE DRIVER 184
C INON PRUNUCTTINON RaYTE AT all ALTITUDES, DRIVER,187
C RFEVISTON N (04/NAR/TS) PROVINFES DRIVER, { KR
€ {R, REVISFD NIGHT PRUFILE OUF ATOMIC UXYGEN SPECTFTEN QY URIVER 159
c BeFus MYERS UN 02/22/75 (MINUR CHANGE HFELNwW 60 kM), URIVER, 19N
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19 REYTY
SPEC
en, HFVI
SPEC
KEVTSTON 0
21, KFVI

VFRNAL FuWUINDX
REVISTUN 0R (05/2%3/75%)

2’2, REVT
NN 0

RFEVISION Ng (06/02/758)
FCTED FORMyLA IN HIGH®AL TTTUDE MUDEL
(F NEPARTURF FROM WYDRUSTATIC ERUILTHRIUM,

?g. rﬂyh

SED DAY AND NIGHT PRUFTILES NF

IFIED BY B, F,

IFIED By R,F,

MYERS
SFI) DAY AND NTGHT

Y (04/pu/75) PRIIVIDFS

SF PRIIFEDIRE

$/10/75,

INPIIT PARAMETERS

A"CU“E“
1J

b 4]
ATMIP

ALTONN

QITPUT PAR
ATMOIIP

ALTONDN

COMMON/ZATMOIUP Y/
CNAMMIN /T I MFE /2
COMMUNZAL TODN/

VARTARLFS
ol

SRAR
INDRN

PP

LN

T
SNT(1)
SNTY(2)
SNT(Y)
SNT (4)
SNT(5)
ANT(H)
SNTI(7)
SNT(R)
SNI(S)
SNIC1N)
SNIfEY)
SNI(12)

T LIST

PROVIDFES

« CALCULATION FLAG

= 1y CALCULATF
= 24 CALCULATF

e 4LTITHDF OFf
CWMMUN

INTTIALIZATION PARAMETFKS
ATMUSPHERIC PRNPEKTIFS
INTEKEST

HL, SRAR, IDURN
TIME COMMON

1YRS, IMUNS, TDAYS,

COMMUN

NALTUD, ALTKM(47),

AMETERS
CAMMUN

PP, RHO, TT
cNMMUN
S1ZPN

HL s SRAR G IDIRN, PP, RHU, TT,SNI(16) ,HRHN,FERSFG
TYRS,IMNANS, TOAYS, 2T ,PLAT,PLONIUT,GAT
NALTON, ALTkM(U7),NDAY(27),UNITECLIR),5122N,C02(25)

IN ATMOUP
LAOCAL TTME,

SNT(6K),

s HRS -

= AVER, 10 TelM SNLAR FLUYX,
= INDEX FOR DAY UR NIGHT,
DAYTIME PRUFILE JF(IDNRN,GE.0)

FNR SPECIFYING
(PER R,

(k™)

LY, PLAT,

noay(r),

MRHD,

PRUFTILE IF(TDORN,LT,0)

TFMPERATURE,
NP2y, 1/CMeny
02, f/CMxeT
e 1/CMney
AR, (ASE B R
HE, 1/CM*x]
cne., {/CMeal

N 1 /Cmend
NOY, 1/CMurel
£ 1 /Cmenl

(14, 1/Creny
Me, 1 /0meny
1X, NEG X

LU LU U L N L LU R T LU U T DA )

(FROM
(FROM
(FRNOM
(FRNM
(FRMO™
(FROM
(FRMM
(FROM
(FRMM
(FRNM
(FRMM
(FRNM

88

PRESSIIKE, DYNES/(Mawp
DFENSTYY, G/CMax}
NEGREES KELVIN

ATMAOSUY)
ATMNS)
ATMOSU)
ATMNSU)
ATMOSI!)
ATMNSU)
SPCMIN)
SPCMIN)
INNNSU)
IONNSY)
INNNS!)
INNOSL)

NITRIC OxIDF

UN 04/08/7S,

PRUFILES MNMF ATUMIC NITKOGEN
MYERS UN Ny/11/75,

USING NDATE
Wy LOWEN (N2/2R/75)),

PROVIDES
SFD PROFILE (JF WATER VAPOR SPECIFIED RY B8,

FUR FVALUATION

1Bl W/lrand KZ2)
FOR O
AND NIGHTTIME

CRIVE~,191
L 1972
DRIVER,19}%
DRIVER,19U
DRIVER,195%
DRIVER, 194
URIVER,197
CRIVER,19R
URIVER, 199
CRIVER,200
URIVER,201
UQZVEQ.?U?
DRIVER, 208
DRIVER,204
DRIVER,20S
DRIVER,206
DRIVER,207
URIVER,20R
DRIVER,209
DRIVER,210
DRIVER,211
DRIVER,212
DRIVER,213
URIVER, 214
DRIVER,215%
URIVER,216
ORIVER,217
DRIVER,21R
DRIVER,219
UplvbD,ZRﬁ
CRIVER,229
DRIVER,222
URIVER,22%
URIVER, 224
DRIVER,?2S
DRIVER, 226
DRIVER,227
DRIVER,22R
CRIVER,229
DRIVER, 230
DRIVER,231
URIVER,232
LRIVER,233
URIVER, 234
DRIVER,238
URIVER,236k
DRIVER,237
DRIVER,24Rr
DRIVER,21¢
URIVER, 24N
DRIVER,24!
DRIVER,24?
URIVER 24}
DRIVER, P44
ORIVER, 245
DRIVER,24s
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oMo

cCcCaOamon

*

- " % =

SNI
SNI
SNI
SNI

FE

CIMMON /7 HCHF X /

YTMENSINN
DIMENS TN
NIMENSINN
DIMENS]ON
NTMENSTNN

UFFINTTINNS (UF

B

DATA
Caurl

QAT A
DATA  G7,
S
DATA 18,
AL

DATA

(13)
(14)
(1%)
(1A)
HiH )
HSF

8(h),RI5),0(A)sSI5),REC3Y,AA012),DN(13)

SN

ule(iIng)
(13,
ND2,
H2M),

LUR TR T T L 1

IHFLAR

17(6), SM1

e TEEMESS
1 /MR
1 /0Mral
1 /rMaal

(o), alLPlo)

(F
(¥
(F
(F
DENSITY SCALE HEIGHT, kM
FRACTYONAL FRROR TN HYDRUSTATIC EAUILIRRILM,

HOM
LRl
KM
MM

SPCMIN)
SPCMIN)
SPCMIN)
SPCMIN)

DE20,21) o X(6),XCCTY,ZIMRONCS) ,ZINN(DY,ONZT(S)
7IM1C(5),21CN2(S),C0P21(S)

FD

1G6MS
L4
RIGA
RR

Ay(27)

(St 7

DATA QUANTITTIES
SFAe FVEL MFAN MULECULAR WEIGHT,
SFA=  FVF| PRESSIIKF,
AVGADRN
UNIVERSAL LAS CNNSTANT,
IN SUBROUTINF,

NUMRF R,

8k z RNLTZMANN CNNSTANT,
NOFG w» DFGREF 0OF POLYNOMTAL

NN ewaw

ch 4

DAYTIME

NDEG

= SFA=_FVF| GRAVITATIONAL ACCELERATTION,

1 PROFILE

MUST NOT EXCEED
APPROPRTATE CHANGES [N PROGRAM,
PT,SK 7 3,141592653590,1,380n622Fe1b /7 ,

DYNFS/(Maap
PARTTCLES/MOLE
ERG/(MULE DFGex)

RRzSK*pIGA)

ERG/(NEGwK)

G/MULE

BIGMS,PZ,R16GA 4 2R,96,1,01325F+06,6,022169E42% /

T BF FITTED FNR THE

R = RADTUS OF SPHERTCAL EARTH, KM

~F

Ts
(T

(SMT(1y).1=1,8Y 7 &,

P(1)

/ QR0 k21,

hedbThSF NS /

TATAL NUMBER OF SPECIFS

= MASS NF

z THERM2|

(ALP(T1)Y,121,06) /

N2 02, [y

A

6,6517F 23,
6.6}55?.?30

K, HE,

NIFFUSINN COEFFICTENT

U*) 00

CNEFFTCTENTS GaSyURek FUR G/TM

DATA

CARETY,Y=2y,12) 7/

1,43387R5F ey,
«9,5958520148Fatin,
U, U7990772Fai?,

3, 395U3RRPESOD,
2e3U156U16E=0?,
ey 3u89%Uutsttenn,
peF2335CKTEel D,

e /

*0, 40,

89

0,0 /

NOEG

AND CU2,

5,3135E=23,
b.hUAUFmU,

12 wlTHOUT MAKTNG

LR TR

CM/SEC*w?

GRAMS

2s63051Uu93Fene,
w2, TudTuulofFeny,
R,1722Nn927Fans8,
e? BBA0STRUF el Y,

DRIVER, 247
Vﬁl,ﬁ?.)qﬂ
URIVER,249
DRIVER,250
DRIVER,251
URIVER,?S2
ORIVER,25Y
URIVER, 254
DRIVER,25S
URIVER,256
DRIVER,?57
DRIVER,259R
DRIVER,259
DRIVER,260
DRIVER,261
URIVER, 262
DRIVER,261%
DRIVER,26U
URIVER,26S
DRIVER,266
ORIVER,267
DRIVER,268
DRIVER,269
ORIVER,270
DRIVER,271
VDRIVER, 272
DRIVER,273
DRIVER,274
URIVER,2T7S
DRIVER,276
ODRIVER,277
DRIVER,278
ORIVER,279
DRIVER,280
DRIVER,281
DRIVER,2R?
DRIVER,281%
URIVER, 284
VRIVER, 285
URIVER,286
DRIVER,287

2 65k TFed3, URIVER PRA
7,3080F=23/URIVER, 280

DRIVER, 290
ODRIVER,291
DRIVER,?92
DRIVER,29Y%
DRIVER,29u
DRIVER,29%
DRIVER, 294
DRIVER,297
DRIVER,298
DRIVER,299
DRIVER,300
DRIVFR,301
DRIVER,302




ccc DRIVER,303

L &« &« » AR[THMETIC STATFMFNT FUNCTIONS Tu CALCULATE LRIVER,%04
C % & » /T™M, INTFGRAIL NF G/TM, AND G, DRIVER,30S
CeC CRIVER,30hk
GPTMAF( al Y 3 ((CCC(CCC( AAC12)%AU + AA(11))#A0 ¢ AA(10))%AQ DRIVER,307

. + AACQ))I*AQ ¢ AA(RI)*AQ + AA(7))*A0 & AA(H)I)*AN URIVER,3QR

. ¢ AACS))I*AN ¢ AA(4))®AN & AAC3)) %Al ¢ AA(2))wAN ¢ AACY) URIVER,309

C URIVER,31n
GTMTAF( AQ ) = C(C(CCCCCUCAA(I2)/12,%4Q ¢ AA(11)/1],)*AR DRIVER,311

* ¢ AACID)/Z10,)%AU ¢ AA(D)/9,)*AN ¢ AA(B)/R,)wAU DRIVER,312

* ¢ BA(T7Y/T7 ) %A0 ¢ AA(AR)/6,)*A0 + AA(S)/S,)waAQ DRIVER,313

* ¢ AACUI/ZU,) %80 & AA(3)/3,)%A0 + AA(Q2)/2,)%AQ ¢ AA(1))%AU DRIVER, V14

C DRIVER, 3§15
GAFC Ry ) 3 GZ/(1,0%RN/RE) «#%2 URIVER,316

GEE VRIVER, %17
C % * « ARITHMETIC STATEMFNTY FUNCTYJUN USED T CALCULATE M/MSTAR DAY, URIVER,318
ECC URIVER,319
SFDAFC Ry ) = FYPC (el (e((DN(13Y%2Bu ¢ DD(12))#BA ¢ NPD(11))*RWw DRIVER, 320

. ¢ DNC10Y)*BA + PP(Q) ) *#8Q ¢ NLIB))*BO ¢ ND(7))*RL URIVER, 32}

- ¢+ DD(A)IXRU ¢ UN(S))2RW ¢ DN(Y)IaRU + DN(I))eRG DRIVER,32?

* ¢ DN(2)I*RQ & OD(Y) ) URIVER,323%

ccc DRIVER, 324
C # « % ARITHMETIC STATFMFNT FUNCTYION USED TO CALCULATE DFNSITY SCALE DRIVER,32S
C » 2 & HFIGHT (kM) ORIVER,326
Gee DRIVER, 127
GKRZAF( AR Y = ((CCCCCCC AA(CI2)2 11 ,%AN ¢ AAC11)x]0, %Al URIVER,3¢2R

. ¢ AA010)12Q 1240 ¢ AL(Q)Y«R Y« AG « AA(R)I®T ) #AR VRIVER, %29

¢ AACL T)xp ) wAT) ¢ AA(BI*K IRAQ ¢ AA(S)wy,)eaN DRIVER, 33N

¢ AAC 4 *3 1440 ¢ AA(RI*D ) eAy ¢ AA(D) DRIVER, 33

CEC DRIVER,33?
G STATEMENTS 100 TO 200=1 ARE DNNF JUST UNCF, UN & faLL TC DRIVER, 333
C ATMNSLI(Y ,120), T SEYT UP NEFDFD PAKAMETERS AND Ty EBEVA{ UATF URIVER, 334
C SNLAR®F | (UXeNEPENDENT FUIIRTER CUEFFICIENTS USED IN COMPUTING DRIVER, 335
C THE TIMFNEPENDENT VALUFS OF TAl, THE VARTARLF CONTRULLING THEURIVER, 334K
C TFMPERATIIRE GRADIFNT AT THE LOWER BOUNDARY, TIF, THF DRIVER,337
t EXUSPHERIC TEMPFRATURKE (SEE J, Se NTSRETY, RADTU SCIENFE vOL, DORIVER,33R
C 6, Py 47 (1971)), AND THF CUFFFICIFNTS IN THF PARAR(L IC DRIVER, 330
C TRANSTITTION FUNCTINAN FNR THE DFNSITY SCALEeNEIGHT RETWFEN ORIVER, 34D
o THE LNwe AND HIGHwAL TITHDE MODELS, ORIVER, Y4
& SIUHRSEQUFNT calLLS, 1O atMpSute,éx), GO TN STATFMFENT 200 URIVER, 34?2
( WHEREAFTER A LUWeALTITuUNE MODFL IS USFD FNR ALTITIIDFS ZK URIVER, 34
C LFSS THAN §P0 KM AND & HIGHeA| TITUDF MUNEL IS USEN NTHERWISF, DRIVER, %uu
6N YO (1on,200), JJ DRIVER, 348

[ of o URIVER, %4k
ccc INITIALTZAYTON DRIVER, 147
GCE ORIVER,TuR
172 100 RR = SK#HTGA URIVER, Yu®
174 CrY1 = 1,0FeNS*RTI(MS/RR DRIVER, 350
(9 COMPUTE GRAvV, ACCFL, G, G DTIVIUFD BY MUL, SCALE TEMP, TM, AND DR]VER,35%
G INTFGRAL NF G/ZTM AT 120 KM, URIVER, 152
17hA Gh = GAF( 2™ ) URIVER, 38
£77 GNPTM = GNTMAFC 7W ) URIVER, 354
201 GNTM] 8 GYMYAF( ZM ) DRIVER, Y58
C CNMPTE PRESSURE, DFNSITY, AND TEMPERATUKFE AT 120 KM OR]IVER, 154
C ACCORNING TN THE LIweALTITUNE MDDFL, THMESE VAL'IES PROVTIUF URIVER,157
€ THE ROUNDARY CUNDTTIONS AT 120 XM pOKR THe WNIGHeALTITURE MODELURLIVER, TSR

90




203
1S

22!
227
276
23n
234
234

a1
2u4
247
250
257
284
271
TN
300
303
n?
30
311
T
523
325

330

134
3138
4
Yu?
LR
348

Tuk
150
157
3155

157
361
164
167
371
174
3714
4ot
4ol

(@]

104

106

PP = PZeEXP(«lC1xfDTMY ¢ 9 UQUuFenBa/ussl BT3)

KM = RIGMSaRGNTIM/RR*PP /G,
NOw CALL TwF & AUXILTARY KOUTINES,

CaLL Z2TTaur

CALL JULTANFIYRS, TMONS, TDBYS, YRFJ,vEuS,NaYJ)

CaLlL SILCYCIDNAYT)

CaLL SULURB(YREJ,VEG,DAYJ,SOLLAT,SULLUN)

CAL! SULZFNESOLLATY,S0UILON)

CALL SPCMIN(1,72H)
CNMPI)TE M/MSTAR (NEPFNUS NN DAY UR NIGHTY PRNOFILF NF U, IN
PRINCIPLE, RUT We COMPUTE IT ONLY FOR DAY) AFTER CUMPLITING
CNEFFTCIENTS DD(I),

RA2RR = 2,#RTIGA/KR

DO 104 Nzy,NALIND

w2l 3 AL TKM(N)

whG = GAF( wZ2Z )

wGDTM = GPTMAF(C w22 )

APP x P7aFxXP(@(CIAGTMIAF( w27 ) ¢ 9,U4VUluEwURawZ7ne? 813}

SMARKN 2 WGR/(HAZRK®WPRP2WGOTM)

FNAY(N) = AMAKMO*JDAY(N)

CONTINUFE

nnN 106 Y=1'13

DN(TY 3 0,0

CNNTINUF

CALL FITTFR(NALTOD, AL TkM,FOAYLNDEG, 1 , 2 4 DD)
USING DAY ) PRUFILE

SF = SEDAF( ZH )

BMBRS: = Y020 £, ¢ SF )

b 7 4 = RMRMSaGG/GNTM
COMPUTE THE SPECIFS NUMRER DENSITTES aT 120 w™,
CNMPUTE TNTAL NUMRER DENSTTY,N(1/CMexry)

SN = RIGA/BYGMS#RHUI/RMURMS

VRIVER, 8§59
DRIVER, 360
DRIVER, 361
ORIVER,302
DRIVER,383
DRIVER, 36U
ODRIVER, 365
URIVER, 366
URIVER, %67
URIVER, 168
DRIVER, ¥69
URIVER,370
URIVER,371
DRIVER,372
DRIVER,37%
DRIVER,VTU
ORIVER,37S
ORIVER,Y76
URIVER,377
DRIVER,37R
DRIVER,179
DRIVER, 380
DRIVER, V81
DRIVER, 382
DRIVER, Y8}
DRIVER,3KRY
DRIVFR, IRS
DRIVER, 38K
ORIVER, 387
URIVER, 38R
DRIVER, 389
ORJVER, 39N

CNMPUTE TNTAL NUMBER DENSTITY TF NO DISSOCTATINON,NSTARC({/CMe23)DRIVER, 391

SNS 3 HIGA*RWN/RIGHS
CNMPUTE DFNSITIES (1/CM«xd) UF N2, 02, N, AR, WF, AND CO2,
SMIZ(t) = 0,7R%8N8

SNTZ(?) = {,211#SNS e« SN
SNIZ2(3) = P,«aS8NS*SF
SNIZ(d) = 0,009+3NS
SNI7(S) 8 4,625F=N5*SNS
SNIZ(K) = (N2(058)

RFE120 = RF4120,
LhHSX = (G/S¥K
CC = Plenl s42,
FF = SRAR
COMPUTE FNURIFR CNEFFICTENTS USFD FNR TAU AT 120 KM,

A1) = 2,21015AE=02 = 1,9700%0F=n5 * FF
Al2Y = +6,712%5Rke(Y = |, 181107F=nS * FF
Af3) = 42, TUBIRNE®QU & 3, 39AK20Fen] * FF
KERY 8 SHubhSNTTLENL % B HWOGIsEwGT « FF
A(S) = =U,65275Rk =08 & 2,3229%0F=n7 * FF
A(6) = 48,9RUISUE®()S e | ,12R1STE=AT * FF
A1) = «8,40739RF=0Y & 1,900959FenS * FF
A(2) 3 ©5,upHS07Ee0U ¢ U 101313Fmto * FF
He5) 2 w2,51ROA%Fe0d w 5,%u1112Fan? & FF

91

DRIVER,3Q2
URIVER,39%
DRIVFR, 194
ORIVER, 395
URIVER, 194
CRIVER, 397
DRIVER,39R
UDRIVER,399
DRIVER,4yn
DRIVER 401
DRIVER,4y?
DRIVER,u013
DRIVER, 404
VRIVER,U0S
VRIVER, 40K
CRIVER,UQY
DRIVFR,UQR
LDRIVER, 409
DRIVER,41N
LRIVER, Uy
DRIVER 412
ODRIVFR, 4ty
ODRIVER, U1 4



406
410

49
’Jl:
apn
ne?
428
4p?7
ey 2
dyu
a7
duy
uygu

dus
usn
482
4sy
484
487
PR
ure

gs0n

sS02
SnS
S0k
507
S17
L1
521
52%
5258
S31
532

o

(s N el slaksEalolgN sl g ala S eRel ol afe i N

o

110

04 =1 ,3R0RYSFeQU ¢ 2 ,075324Fwn] * FF

n(S) +1,35RO9Ub =0l ¢ 3,951R11Fwn! % FF
CNMPUTE FNURIER CNEFFICTENTS LISFD BNR TIF,

Cl1Y 5 ¢5,4U3STRE402 ¢ U, 32RR97Fe¢n(U * FF

Cl2) = =1, 179R1QF+02 w b U9IS5KO0Fwn] * FF

Cr3) = #3,115091k401 w 4,76RBIBF~NZ * FF

Cl4) = #4,0Kh93823%F¢00 ¢ U, 1546RpFwne % FF

CESY = «h,3RYAKRIE40N & § UISTHOF=N2 * FF

ClB6Y = ¢1,045URPE*00 » 1,9965552Fwng = FF

S(1) = w{,13R663E+0! o 7 ,29R7UQF~A] « FF

Sl2) = +1,359AKRE+01 + 2 ,RIGTI29Fwns % fF

SC3) 3 ¢9,85915Rkw=01 ¢ R _1388REwne * FF

S(U) = +7,0A1132Fe0) o 1,15170RFeng « FF

S(5) = =2,92531SkwQ1 e 4 ,6252%6Fene * FF
COMPUTE TAL (1/KM) AND TIF (DFGREFS KFLVIN)

TAU = A(Y)

T1F = CC1)

DrY 110 1s4,8

FT = 1

SFI = STH(CCxFI)

CFl a COSECCaF 1)
TAU = TAU ¢ CFrea(ley)

s ¢ SET&H(T)
TTF = TIFE & CEFI®CCI+1)Y

¢ SFT«S(T1)

TN PRAVIDE A& CONTTINUOUS DENSITY SCALE HEIGHT ACROSS THE
BOUNDARY RETwFEN YHE LUws AND HIGH«ALTITUDE MODFLS, wF
PARASNLYC TRANSITTION FUNCTINN,

LISF A

HRHMN = FHRI20 & ZHM{{0Nae2 + SA &« ZHM{1(0 + NROtLID
WHERE
HRI110 = DENSITY SCALF HETGHT AY {10 KM
IHMI1ND = THelln,
3K = APPROXTMAYE NERIVATIVE (iIF DENSTTY SCALF HETIGHT

AT 110exkM ALTITUNE
HR1105eHR1 095
NENSTTY SCALF HEIGHT arv

HR110S = 130,55 KM,
2

HR1NGS NENSTTY SCALF HETGMT AT 109,55 kM,

FHR120 =2 (HRU12A e 10,4SH = HRULLIN)/(120,@110,) 2w
IN THIS INTYTALTZATIUN CALL wF NEFD TN COMPUTF THF DENSITY
SCALE WEIGKY AT 120 k™, HRO120, ACCNRDING TO THF KIGHwALTITUDE
MONFL, WHTCH DEPENDS NN ML AND SBAR, AND ALSU THE DFNSTTY
SCALE HWFIGHTS ACCNARNDING TO THF LUweALTITUNE MOQFL AT $10 &M,
110,95 &M, aND 109,58 mM,
CAMPJTE SMALL A,

Sk 2 (TYF = TZY/TYF

CAMPUTE CNEFFICTIENT (JF MuSURe! IN GAMMA®S(IB=]

GAMY = {1, NF+0S2nGSKR/(TIFaTAl))
RHLL 3 040

DRUNZN = 0,0

b 120 1=1,18

SNIZSMT = SNTZ(1)Y28MI(Y)
GAM 3 GAMTaSMT (1)

Al GAMY = ALP(T) ¢ GAM «
WM = KM ¢ SNZSMT
NPRONZN = PRNDZIN +
CNANTINUF
HRIL2N =

140
SNZSMTa((GaM ¢ ALGAMI®SA/ () ,e54))

RHD/NRADIN/TAL

92

URIVER, 1S
DRIVER, U1K
DRIVER 41T
DRIVER,U1R
DRIVER, U@
URJVER 420
DRIvER, U2
DRIVER,42?
DRIVER U223
URIVER, U2
URIVER,42S
URIVER U2b
GRIVER 427
DRIVER, U42R
DRIVER, 429
DRIVER,d30
DRIVER, 43
DRIVER,u3?
DRIVER,U3Y
DRIVER,d43u
DRIVER, 438
DRIVER U3k
DRIVER, 437
DRIVER, 43R
DRIveR, 439
URIVER,UG4n
DRIVER,du!
DRIVER, 44?2
DRIVER, 443
DRIVER ,U4u
DRIVER,44s
DRIVER,dus
URIVER U4
DRIVER,duR
DRIVER, 449
DRIVER, 450
URIVER 45
URIVER,US?2
DRIVER,4S3
ODRIVER,d4dS5u
CRIVER, 4SS
DRIVER,u4Sh
DRIVER, 487
DRIVER,4SR
DRIVER,4SQ
DRIVER,4s0
DRIVER,Us!
DRIVER,Us?
DRIVER U6}
DRIVER, UbU
ORIVER,u6S
DRIVER,Ub6
DRIVER, U7
DRIVER,U6R
DRIVER,Us®
VDRIVER, 470




€ CNMeuTE DENSITY SCALE HFIGHT AT 110 KM, URIVESR

S34 GNT™ = GNTMAF( 110, ) DRIVER
S%7 HROIID 3 1,0/(CCIRGNTM » 2 ApT09952FEenT#11(0,0%%1 R3} DRIVER
* ® 2,0/(RE+110,0) » GKKZAF( 110,0 )/GNTM) DRIVER

¢ COMPUTE DENSITY SEALE HFIGKT Al 110,5 KM, DRIVER

554 GNTM = GNOTMAFC {110,5 ) DRIVER
857 HRI1I10S 8 1, N/(CC1eGDTM o 2, ApT099S2FenNT7x110,5#%( R3] URIVER
" o« 2,0/(RF+110,5) o GKKZAF( 110,5 )/GDTM) ODRIVER

C COMPUTE NDFNSITY SCALE HEIGHY AT 109,5 KM, ORIvER

574 GNIM = GDTMAF( 109,5 ) ORIVER
577 HR1IN9S = 1, 0/(CCIwGDTM = 2 K6709952F=07+109,54%1 R3Y DRIVER
. w 2,0/(RF¢109,5) « GeKZAF( 109,85 )/LNTM) URJVER

Aih SR = HR1105«HR{NGSR DRIVER
hen FHR120 = 0,01*(HRN120 = 10,*3R e« HKO110) URIVER
hou AR1TElH,R001)TIF,TAU DRIVER
RONY FNRMAT(//,7H TIF = ,E13,647H TAIl 2 ,E13,6,/7) DRIVER

C DRIVER

o AT NIGKRTYIMF, O DYFFERS FRO™ DAYTIMF N ONLY BELOW AL TYTUDE DRIVER

C JTUN(S) = 90 KMy IF( ZH LT42TUNCY)), wHERE 2TOUON(1) = 60 kM, DRIVER

& SNICSY = ONZIC1) = ONITFCL3) = 1,1 DRIVER

C IF(PH,GF,ZTONGE) JAND, ZH,LT,2I0N(2)), WHFRE ZIDN(Z2) = 75 KM, DRIVER

c SNIC3) = ONZICR2)aFXP(ZMPON®OINSCH[) wHERE DRIVER

C ANZTI(2) = UNITE(16) = 4,90E+0A URIvE®R

C IM20N = ZHa710N(2) DRI gFR

¢ NMNRCHI = ALUG(ONZIC(2)/0ON71(1))/Z(710NC2YeZINONCL)) ORIVER

C IF(ZH,GT,2INNCR2) [AND, PHLLT,ZIONES)) WHERE ZINNCS) & 90 kM, URIVER

C SNICEY = 10, «+x(((C(XC1)aZM20ON ¢ X(23)aZMP20N ¢ X(3))aZM20N DRIVER

C ¢ X(U)YRZMPUN & X (S))*ZMPUN ¢ ¥ (h)) DRIVER

€ WHERE THE CONSTANTS x(]),I=z1,6 8RE NETERMINED SN THAT THE DRIVER

C SLINPE UF ANGIOCSNIC3)) AT Z2InNnNC2Y = TS My QLU727, AND AY DRIVER

v ZTOUN(SY = 90 KM, pDLD25Z, TS CONTINYOUS AND ALOGIO(SNIC3)) DRIVER

C EQUALS THF NIGHTYTME VAL(FS FAKR U AT Z21I00N(2) = 7% , DRIVER

C ZTON(Z) =2 8h , ANP Z1ON(g) = 85 XM AND EWUALS THE DAYTIME DRIvVER

2 VALUE FOR N AT ZINN(S) 3 90 KM, ALOGBIO(NDAYZS)Y, DRIVER

L THE NTIGHTTIME () (NNSTANTS ARE NOw SFT, DRIVER

LR ZTON(1) = ALTKM({3) DRIVER
LRL INZT(Y) = ONTTELLY) DRIVER
; hun DA $30 1=2,5 ORIVER
1 Auhk ZTUN(T) = Al TKKM(Te1d) CRIVER
ha? NMZY(T)Y s ONITEC]e1U) ORIVER
ASN 10 CANTINYF URIVER
hS51 IH2 = 210N(S) DRIVER
¢ TN RESEY NN2I(S) T 1TS PROPER VALUF Wk NEED TQ FIRST DRIVER

c CALCULATE (OPAYZS, .. DRIVER

g URIVER

% COMPUTE GRaV, ACCFLe Gy G DIVTDEL HY MUL, SCALE TEMP, TM, LRIVER

C AND INTFGRAL O G/TM AT ALTITIILE ZHD, URIVER

c UR]IVER

A& 2 LG & GAF( ZM2 ) VRIVER
At GROTM & GOTMAR L 7HP ) DRIVER
65k GNTM] & GTMTIAF( ZN2 ) ORIVER
C CNMPITE PRESSUKF anD DENSTTYY AT AL TTITUDE ZM2 DRIVER

Anh PP 2 DIabYP(«l C1aGDTMT ¢ 9 UjuufentnlHpan? RTY) DRIVER
Chad KM 3 HRTGMS*NTM/RR*PP /G ORIVER
& CNMPUTE M/MSTAR DAY AT ALTITUNE 2ZM2 URIVER

KTk SF = SFDAF( /W2 ) LURIVER

93




703 BAMBRMS 3 1,0/7(1 + SF) DRIVER
.

L]

.
€ CNMPUTE TNTAL NUMRER DENSTITY, NCj/CMa*3) AT ALTTIYUDF 7W? DRIVER,®*
708 SN = RIGA/HBTGMS*RKUZBRMHMG DRIVER ¢
¢ COMPUTE TOTAL NUMRER DENSTTY TF NN DISSOCTATINN, DRIVER,*
C NSTAR (1/CM*wl) DRIVER,®
710 SNS = AYGA*RHN/RIGMS DRIVER,*
711 (INAYZS = 2,4SNg#8F DRIVER,®
713 INZTI(S) = ODAYZS DRIVER,®
14 ANSCHT 3 ALNGINNZT(2)/0NZT (1) /C2ZTUN(2)eZTUN(T)) DRIVER,®
72% DLUZ27 = ONSCHI®ALUGYINC EXP(1,4,0) ) DRIVER,*®
730 X(5) = DLNZ27Z DRIVER,*
734 Xf6) s ALNGIOCONZT(2)) DRIVER,*
738 DN 135 733,85 URIVER,®
! 74% ZIM2UN(T) = 2T0N(T)=ZTUN(2) URIVER ¢
i 745 135 CANTINUF ORIVER,®
X Tyh nn o tan 13,3 DRIVER,®
751 2112 = ZIMeNNET+2) DRIVER,®
152 DT 8y = ZIt2x72712 DRIVER,!
751 PN 140 J=9,% DRIVER,*
757 Ntl,ded) = 717220 (1,5ed) DRIVER,!
765 1406 COANTINUF DRIVER,®
770 2718 = ZIM20N(SR) URIVER,®
L | Dl4sU) = P2,%2118 DRIVER, "
173 DN 148 T2y, URIVER,®
1no1 FJ1 3 Jei DRIVER,*
1noy NlU,del) = ZIT8a((FJ1ey,)/FJ1)eD(u,5=]) DRIVER,®
1015 148 CONTIMUE DRIVER,S
1014 N 150 T=31,3 ORIVER,®
1021 D(I1,5) = ALNGIACUNZI(T42)) @ X(S)*ZTMPUN(TI42) » Xx(&) DRIVER,®
1034 150 CONT INUF DRIVER,*®
o TN SEY N(4,S) WE NEFD THE DERTVATIVF OF ALUGIO(SNT(R)Y AT URIVER,®
C ALTTTUDE ZINN(S) = Qp KM, pLU?2S2, GIVEN RBY DRIVER,®
£ PLDZ25Z = ALOGYIOC EXP(1,0) )*(N(SF)I/N2 e |,0/HRHN), DRIVER,*
C EVALUATED AT 2SN 3 ZIUN(S) = 90 M, URIVER,®
C CAMPUTE DFNSITY SCALE MFIGHT AY 90 km, DRIVER, €
160383 GRTM = ROTMAF( 90, ) DRIVER ¢
: 1034 NRIIGD = 1 ,N/(FC1*GDTM & 2,667NQ9953FE a7 a9, %] B3} DRIVER,®
* » 2,0/(RE490,) = GKKZAF( 90, Y/GDTM) ¢ DRIVER,®
1053 2508 = ZINNES) DRIVER,®
1ngu DLIZST = ALOGIOC FXP(1,0) Yol CC(lCC(12,*DD(1Y)RZRIN DRIVER ¢
* $ 11,2DDC1I2)Ye25NN ¢ {0 20N (11Y)#ZSAN ¢ 9, #DD(10))wZS0ON DRIVER,*
* + B 2DN(Q)IXZENN ¢ 7 ,oDD(RI)*ZSUN ¢ 6 +#DD(T))e725NN CRIVER,®
. ¢ S aON(AR)IRZSNON ¢ 4 #DDIS))XZSUN ¢ 3 «DD(U)IRZSNON DRIVER,S
» ¢ 2,4DN(R)IXZSON & DN(2)) = | ,A/HRO9N DRIVER,®
1117 Gl4y5) 3 DLNZSZex(S) DRIVER,!
1120 NO = of DRIVER,!
112°? CALL Sl vE(N, X, N1 DRIVER,
o 1N PROVIPE A CUNTINIIGUS TRANSTTIUN IN THE CN2 DFNSITY RFTWEEN DRIVER !
C THE ALTYITIUNF NF 100 kM, RELNw aNIre & CONSTANT MIXING RATYU DRIVER,®
C 1S ASSUMEDN, AND THE ALTYITUNF NF 120 KM, AT WKRI(CW THF ATMUOSY URJVER,!
L HTGHaAL TITUNE MODFL (RASED ON DTFFUSIVE BRUILTBRIIMY REGINS, DRIVER,!
C AF USF TWF POLYNOMIAL URIVER,!
t LOGIOFSNIfeY) = SUME xp(])eZmycnexe(TelY), Tai,Y ORIVER,!
C WHERE THE CNNSTANTYS xC(T),121,7 , ARE DETERMINED SU THAT THF  DRIVER,!
c SLUPE F ALNGIO(SNI(s)) AT Z21CU2CY) = 100 w™, DLC7?712, AND DRIVER,!
C AT 71C02(S) = 120 kM, DLCZSZ, 1S CONTINUOUS AND ALIBIACSNT(A)IDRIVER,!
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UNCLASSIFIED DNA=3964F=14A

END

DATE
FILMED
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1124
1133
1134
E13S

1136
1140
1142

1144
1187

1162
1164
: 1166k

1170

1210
1216
1?en
1226
1230
1231
1234
1235
1736

1724?
‘ 172580
1253
ﬁ 1254

1254

1264
; 1264
J 1300

1301
1304
1314
1314
1332
1333
1335

cOooOoNnne

NOOoO

1A0

1a4

165

17%

ENUALS THF VALUES FOR CN2 AT 2ICU2(T) & 100,105,110,115, AND

120 KM FNR T=21,8
THE CN2 CNNSTANTS ARE NNw SHET,,,

DN ten 31,8

ZTCN2(1Y = ALTkM(T¢20)

CNeZICI) = €CO2(T1+20)

CONTINUF
HESFT CN221(1) T THE VALUE ORTAINEN FROM THE LNweal TTTURE
MODEL AT ALTITUDE 27cDery) = 100 KM,
CNMPYTE GRav, ACCFL, G, G DTVIDFD RY MUL,
INTEGRAL NF G/TM AT 100 kM,
CNMPyTE GRAV, ACCFL, G, G DIVIDEL HY MUL,
INTEFGRAL OF G/ZTM AT (100 xM

GG = GAF( 100, )

GNTM 3 GOTMAFC 100, )

GNTMI = GTMTAF( 100, )
CNOMPUTE PRESSURF AND DENSTITY AT (nQ XM

PP = PZaEXP(e«CCI#RDTMT ¢ 9 ujuuFenBeing,*%2,833)

RH 3 RIGMS*GDTIM/RR*PP /GG
CNMPUTE TNTYA NUMRER DENSTTY TF NN DISSNCTATINN,
NSTAR, AT 100 KM,

SNS = HIGA®RKN/RINGMS

SCALE TEMP, TM,

SCALE TFMP, TV,

CN2ZTIC1Y = 3 2nFefd « SN§

xC(Y) 2 ALUGLIOCCLIRPZT(1))
THE SLNOPE ()F ALDGIOCSNIC(eY) AY ALTITUDE ZICN2C(1) = 100 KM,
Otcz12, 1S GIVEN Ry DLCZ21Z = ALOGIOCEXP(1,0))w(C1,/RHN)

*(DIRKUYI /DY) 3 ALUGIO(FxP(1,0) )2 (e, /HRKN),
CNMPUTE DENSITY SCALE HFIGMT AT 1ng KM,

RRUIOO =2 1 ,N/ICCI2GDT™ o 2 K6709952F e 7#1N0 ,2e] 533

* = 2. 0/(RF+100,) o GRKKZAF( 100, )/uDTHM)

DLC717 = (=) A/HRNLO00Y*ALNGIO( FXP(1,0) )

XF(R) 3 DLCZ212

DN ted 132,88

ZIMIC(I) 3 721C02(1)=21CN2(Y)

CONTINUF

NN 168 T=21,4

2112 a3 2IMIC(Te1)

DEI,SY = Z21%2#7112

DN 165 J=zt,4

Dl1,S=J) =2 7112#0(1,6eJ)

COANTY INUF

2118 = 21M1C(S)

ND(5,5) =2 2,#2118

PN 170 J=1,4

FJ1 = Jet

DES,5«)) 2 7118« ((FJlel,)/FJ1)eD(5,)6e))

CONTINUF

Do 1718 Tsy,4

Dfl,6) =2 ALNGINICN2ZI(]¢1)) @ XC(A)®ZTMIC(I¢1) » ¥(C(T7)

CANTINYF

DLC257 = ALNGYof FxP(1,0)

DIS,6) = DLF72S72exC (k)

N 2 §

CALL SOILVF (N, YC,NN)
CNMPUTE N2 NENSTTY AT 230e@xk™ ALTITUNE FNKR USE IN NeDENSITY
INITIALTZATYON TH SURRUITINFE SPCMIN,

J*TA *(SAGSMI(E)IRGAMT) /(SAal,N)

TU PN THIS wF MUST FIRST

DRIVER,SHY
VRIVFR, S84
DRIVER,58%
LRIVER,S86
DRIVER,587
DRIVER,S8R
DRIVER,S89
DRIVER,S90
DRIVER,S91
ORIVER,59?
DRIVER,59%
ORIVER,594
DRIVER,59%
DRIVER,596
DRIVER,597
URIVER,S9R
VRIVER,S99
DRIVER,600
URIVER,601
DRIVER,602
URIVER,601
URIVER,604
VRIVER,60S
URIVER,A06
DRIVER,607
DRIVER,60R
DRIVER,809
DRIVER,610
DRIVER ALY
URIVER,612
VRIVER A1}
DRIVER, k14
DRIVER ,A1S
DRIVER,616
UDRIVER,k17
URIVER ,61R
DRIVER,619
DRIVER, 620
DRIVER, 621
DRIVER,622
ORIVER,62%
DRIVER,624
DRIVER,625
ORIVER,626
ORIVER 627
DRIVER,62R
ORIVER,629
DRIVER,630
DRIVER,A31
DRIVER,632
ORIVER,63%
URIVER, 634
URIVER,A3S
URIVER K16
ORIVER,A37
DRIVER,63R




1337
1343
1351
1355
1357
1361

1371
1372
1374
1375
1375

1376
1402

140?
faou

1404
1apu

1407
1410
1410
1412

141%
1416
1420
1422
104
1434

1442
14un

1460
14e?
146%

§ — e e

27 = RE12N«(ALTKM(UT)e120,)/(RE+AI TKM(LT))

EYZ = EYP(=TA'IxZ22)

TYDT2 = ( VTIFe(TJFeTZy)RFT2 Y/T2

GAM = GAMTaSMT (1)

ALGAMY B ALP(1)4GAMeY 0

S1Z2N = SNIZ(1)YAETZoaGAM/TINTZA%ALGAMY
C EVALUATF ATMUISPHERIC PRNPFRTIFS AT 90exM ALTITUDE PRINR
C TO INITTALIZING INNOSU,

IHSAVF = 7H

4 s 90,

JUMP = n

GO T 210

177 JimMP 2 D

c INITIALTZE TONODSU ROUTINE,

CALL IONOSUCY,ZH)

X = 7HSAVE
C SFT ZHFLAG
IHFLAG = =20,
RF TIIRN
CONTINUF
IF( ZH,EQ,ZHFLAG )

(ARRITRAKY NEGATIVE VALUE)

200
RF TURN

(g
-
o

AN FRRONENYS CONDTTTION
CALLED WITH JJs2 aND A

WILL UCCUR IF T0ONQSU UR SPCMIN I8
GIVEN VALUE NF ZH TF ATMNSU HAS NQT
RFEN CALLED FIRST WITH JJz2 AND FDR THE SAMF VALUE OF ZH,
THE VARTARLF 7HFLAG IS USFD TN DETECT THIS CUNDITTION AND
TN MAKE THF REQUIRED CALL TN AlMASy,

ZHFLAG TS INITIALTIZFD TN AN ARBTTRARY NEGATIVE VALUF IN
THE INTTIA|LTZATION CalLL TO ATMUSU,

(alolaelfalalalsla)

IHFLAG = 2H

CONTINUE

REZM]I = 1,0/( RFeZH )

IF( ZH ,GE, 120, ) GN TO 250
(&
cccece LOWSALTTTIDF MODEL (ZH
C

LTe 120,)

C CNMPIITE GRAV, ACCFL, AT ALTTTUDE 2H,
h = GAF( 2% )
C CNMPITE GRAV, ACCFL, PIVIDED RY MO ECULAReSCALE TEMPERATURE,
6GPTM = GNTMAF( 7H )
C COMPUTE INTEGRAL N¢
GNTMI = GYMTAF( ZW )
C COMPUTF FUNCTINN NEEDED FIR PENSTTY SCALF HETIGHT
GHKKZ = GKKZAF( 7w )
C CNMPUTE PRESSIRE (DYNES/CM#a%2)
PP 2 P2#EXP (el 1eGNTMT ¢ 9 UjUuFenBeZHexe B33)
€ CAMPUTE DFNSITY (R/CMaxT)
WAl 2 RIGMS#GDTM/RR*PP /G
C CNMPUTE DFNSITY SCALE HFIGHT (kM)
IF (2W GF, 110,) GN YO 230
HRHN 3 1, 0/(COLAGDTM w 2,66709952F®0707Han] B33 o 2,0¢kFZN]
* e GKKZ/GDTM)
6N TO 2469
230 ZWHM110 = 7H e 110,
HRHN & (FHR12Na7HMLY

GG(CM/SECRwR),

G/IM,

+ 8H)eZHMILIN ¢ HROL10

DRIVER,#39
DRIVER,ku4n
DRIVER, 64!
ORIVER 64?2
UDRIVER,A43
URIVER,64U
DRIVER,64S
DRIVER KUk
URIVER (647
DRIVER,64B
DRIVER,bu49
DRIVER,650
URIVER ,ASY
DRIVER,852
URIVER,551
DRIVER,654
URIVER, 658
DRIVER, K56
ORIVER,657
URIVER,65R
DRIVER, 659
DRIVER, 660
DRIVER,661
LDRIVER,K62
DRIVER,66%
URIVER,b64
DRIVER,665
DRIVER,b66
DRIVER,667
DQIVERnth
DRIVER, 6060
DRIVER,670
DRIVER,ATY
URIVER,AT?2
DRIVER,673
DRIVER,874
URIVER,675
DRIVER,ATA
DRIVER,677
DRIVER,678
DRIVER,A79
ODRIVFR,680
URIVER,881
ORIVER,682
VRIVER,68%
DRIVER, 68U
ORIVER, 685
DRIVER,K86
DRIVER,ABT
DRIVER ,6RR
ORIVER, 489
DRIVER,690
DRIVER, K91
DRIVER K92
DRIVER,693
URIVER,694




1467
jur?

1474

1477
1501
1502
1504
1506
1510

1512
1514
1517
1820

1534
1538
1540
154°?
1547
1551
156873
1555
18556
1562
1563

1601
1607

1604
1613
16158

1615
1615

1620
1625

1630
1630
1431
132
1633

-

(aN el el

(e ¥ allalal

C

cccecc

C
C

USING DAY (0 PROFILE
2Uu(0 SF = SFDAF( 2w )
BMBMS = {,0/(1, ¢ SF)
COMPUTE TFMPERATURE (DEG K)
TY = ARMRAS*GG/GNTM
COMPUTE NUMRER DENSTTIES OF SPECLIES, wE PRESCRIBE THF
DAYSNTGHT DFPENNDENCE OF (0 AND USE THE LOwwALTITUDE MODEL YU
COMPUTE THE ASSNCTATED SLIGHT DAYWNTIGHT DEPENDENCE OF (2 ,
SNS = HIGA%RKN/BIGMS
SN = SNS/RMRMS
SNIC1) = 0,7R«SNS
SNI(2) =2 {,211%SNS e SN
SNI(3) = 2,+#SNS«SF
1F( IDURN,GF,0 ) GO T0 24%
CAMPUTE NIGHTTIMg VALUE QF O
IF( ZM GELZSUN Y  GN TO 245
IF( ZH=7I0NCR2) ) 242,242,2U1
24l 2M20ON = IReZ10ON(2)
SNIC3) = 10, #%(C(C(X(II*ZM2NN ¢ X(2))#ZM2ON ¢ X(3))%ZM20ON
* ¢ X(U)Y*ZMPUN & X(S5))IaZM20N ¢ X(K))
6N Ty 245
2u2 IF( /HeZIONC1)
2143 ZM2NON =3 ZHaZI0N(2)
SNICY) & NNZT(PYxFXP (7M2ONANNSCHI)
GN T 245
2ud SNI(3)Y = NNZ2ICY)
245 SNI(4Y 3 0,009#SNS
SNIC(S) 3 U4,625F=05*SNS
JIF( ZM,LE 100, ) GO TO 24
MIP02 = ZHeZICN2 (1)
SMNIC(RY = 10,22 (0 (C((xF(1)xZMICO2 ¢ XC(2))#LMICU2 + XC(3))wZMICO2
* ¢ XC(u)*ZMICO2 ¢ XCIS))*#ZMICU2 + XC(e))*ZMICU2 + XC(7))
GN T 247
edh SNI(KY = 3 . 20Fmfy * SNS
CNMPUTE FRACTIUNAL FRRUR FROM MYORUSTATIC EQUILTIBRIUM,,,
FFHSEN = a1 ,0Fe05«¢DPPNZH/(RHI)I*(66) « 1,0
Z @2,6h709052F®1? % RR & ZHan],B833 / (BIGMS & GDTM)
WwHE RE 2e6h70995DFEw1? 3 | ,NEw0S & 2,833 » 9,4]UUFen8
2471 FFHSEN 2 w2 ,66709952F 1?2 * RR & ZWH*%1 833 / (RIGMS » GDTM)
IFC JumMP ,EQ,0 Y GO TO 177
RE TIIRN

244,243,243

HIGHeA TITIINE MODEL (2W ,GE, 120,)

CAMPUTE THE GEQPUTENTIAL ALTITUDE ARUVE 120 XM, ZZ(xm),
280 CNNTINUF
77 3 RE120#(7He120,)aREZHI

ORIVER, 698
DRIVER,696
DRIVER,697
DRIVER,698
CRIVER,699
DRIVER,700
URIVER,701
DRIVER,702
ORIVER,70%
URIVER,704
DRIVER,70S
DRIVER,706
DRIVER,707
DRIVER,70R
DRIVER,709
URIVER, 71N
DRIVER, 711
DRIVER, 712
DRIVER,713
DRIVER,T14
DRIVER,71S
DRIVER,716
DRIVER,717
URIVER,718
DRIVER, 719
DRIVER,T20
ORIVER, 721
DRIVER,722
URIVER,72%
DRIVER,724
VRIVER,725
URIVER,726
DRIVER, 727
ODRJVER,T72R
URIVER, 729
DRIVER,730
DRIVER, 73!
DRIVER,732
URIVER,733
DRIVER, T34
DRIVER,735
DRIVER,736
DRIVER,T37
URIVER, 748
DRIVER,739
DRIVER,740
DRIVER, 74}

COMPUTE THE TFMPERATURE AT THF GENPNTENTIAL ALTITUOF,TT(DEG RIDRIVER,74?

FTL = FXP(=TAlIR2?2)
1Y = TIF w (YIFeTZ)*p T2
CAMPUTE RATTO (JF TEMPERATURE TU TEMPERATURE AT 120 KM,
YTOTI & TY/Y2
PP =z n'(\
WMl = Ne0
DRUDZN = 0,0
DPPNZK =2 0,0

DRIVER, 74}
DRIVER,7uu
ORIVER,74S
DRIVER,T4b
VRIVER, 747
ODRIVER,7u4R
VDRIVER, 749
VURIVER,750

P




1634

1Aub
1647

1651
1661
1663

1664
1671

1673
1675
1707
1714
1716
1722

1724
1724

2ho

NN 260 T=1,1S
CNMPUTE GAMMAeSURe],
GAM = (AMTaSMT(T)
Al GAMY 3 ALP(T) ¢ GLAM ¢ 1,0
COMPUTE DENSITIES (1,/CMexd) OF N2, N2, 0O, AR, WF,
SNICIY ® SNTZ(I)#ETZaaGAM / TTDTZ2xALGAM]
CAMPUTE TOTAL NUMRER DEMSTITY (1/(Max3),
PP = PP ¢ SNIC(])
CNMPUTE TNTAL MASS DENSTTY (G/CMawa3),
QM) = WM ) ¢ SMICIVIASNT(T)
CNMPTE & PNORTION OF THF SPATTAL DERIVATIVE UF THF DENSTTY,
SOAFT = SNICI)alhGAM ¢ ALGAMIaFTZa(TIFeT2)/TT)
DRONZN = NRNNHZAN + SGAFT#SMIr])
COMPUTE & PARTION QUF THF SPATYAL DERIVATIVE UF THE PRFSSURE,
DPPNZN = PPPDZm ¢ SGAFT
CMMPUTE SPATIAL DFRTIVATTIVF OF PRESSURF,
DPPNZH = ( GAF( 2ZH )/GAMT ) #(SA%PP*ETZ e TTaNPPOZH/TIF)
COMPUTE FRACTIUNAL FRRUR FRMNM HYDROSTATIC EQUTLIBRIIM,
FFRSEN & = (NPPNZH/(RHNAGAF( ZH )) + 1,0)
COMPUTE PRESSURE (DYNES/CMre2),
PP = PPeTTaSK
CNMPIUTE DENSITY SCALE MFIGHT (RKRM)
DRUNZN = DRNNIN*®TAU* (REI120e7Z)2RETHIT
HRRN = RNN/ARNNIN
RFTIIRN
END

AND CcD2,

98

DRIVER,751
DRIVER, 752
DRIVER,753
DRIVER, 754
DRIVER, 755
DRIVER, 756
DRIVER,757
DRIVER, 78R
DRIVER,759
URIVER, 760
DRIVER, 761
DRIVER,T62
DRIVER,761%
DRIVER, 764
DRIVER,76S
DRIVER,766
DRIVER,T67
DRIVER,76R
URIVER, 769
URIVER, 770
ORIVER,7T71
DRIVER,T72
DRIVER,773
ORIVER,774
ORIVER,77S
DRIVER,774




BLKCHM

BLUFK DATA RLK( MM

COMMUN/CHFMR Y/
C FNk RFACTTIQN T,

oM

AR(

b9,

HR(66),

crlb66)

RATE = AK(IY(T/300)##RK(IIwEXP(=CR(T)/T)

DATA AR/§5,0Fel10,3,0F@10s140Fet2,4,0Ee1],8,0Fai0,],0Fetl,d, b=,
1,2Fe19,2,0Fet1 )b, 0Fetu,u,ufF®12,1,2Ee19,1,0Fe?,3 ,0E=7,
P2e1Fe1y, 2 UFel13,1,2Fel?,1,0E®17,3,3E012,6,9F=12,2,7F=1},
7,0Fety,1,3Ee9,5 0tey(,?,5E=10,1,4Ew29,2, TE=10,3,0E~}10,
1 0Fald,y Stw3t,2, 1Eed,d,0Fe10,4 ,4Eely,2,5Fw1(,],8FeR,
l,nF.|1,S.0F-Q1.1.0F-11.b,2F-11.1.5F-11.6,5F-13,ﬂ,0!-10.
Pe3Fe?,u4,0Ewy1,1,5E9,4,0twll)7,2b=11,?2,0ke7,5,6Fe?6,
3,2F.?A,1,oF-7.l.OE-ocl.SF-“.i.06-26.1.35-1‘.?.0&-10.
P2e0Fe10,2,2Fa@10,240Fal?,5,66229,7,3Fa9,5,0Ew?,9,0F=1?,
6edFe12,1,0Fa12,642Fmb/

w Ny -

e

O ®~w> N

DATA RR/

O PN LE WV —-

DATA CR/

O PN HNY—-

END

0e0y
=S ¢Ny
0.5,
0e00
e1,98,
+0 N2, 0
L3 B3P
1.0,
-0 25,

=

-,
0,0

00,

0a04
31900,

NNy
7194,,
0q0,
237K9,,
Ne0o
Va0, 0,00
23200,,

0
2T

0.

®0 5

40,
0,
.5,

+0,15,
U

0o
. +

Qa0

0.
0.

4300,,
P6000,,

0

| )

0,0,
842004,

040,

0, 0e00
$2,
Se
0, 0,00
'117"
04,00
+1,45,
0600
3,00

0,

1,57

0,
Qs

0400
=900 4,
0s00
Ne0os
62304, 0,
0,0,
2877k,
2u60n,,
4600,
3900,/

0,435,

0.”.
-0.09,

3.0,
] 6

2HPHB 40

0,0,

-0.75'

'1.0'
0,0

0,0,
0,4
L
’ *,05,

(V)

200604,
0e0,
040,

37900,,

0

0,00
22300,,
600,,

’

.0,2"

25423,
040,
6113,,

004
*5,0,
1o0
*1.0,
0404
+0,4, 0
'0.50
Ve0yp 0,
1,0, 0

040,
0‘0.
31504,
600,,
00,
2107.0
0,0,
onol
S1429,,

0,0,

0,0,
-],
40,5,
00.5'
“(),97
lﬂ’
v .q'
U
ool

040,
04V,
0e0,s

5590,

0,75,
.00
0400
N0,

Uy

040,
0,0,
0,0,
nloi

PBI3R,,

0'0'

0.0,
)

0400

0400

CRIVER,777
DRIVER,77R
DRIVER,779
PRIVER,7BN
DRIVER, 741
DRIVER,78?
DRIVER,78%
DRIVER, 784
DRIVER, 78S
VRIVER,786
pQ[v&R.TaY
DRIVER, 78R
DRIVER,789
DRIVER,790
URIVER, 791
DRIVER,7Q?
DRIVER,79%
URIVER,79u
DRIVER, 795
UR(VER, 794
URIVER,797
URIVER,79R
DRIVER,799
DRIVER,RQON
DRIVFR,RQY
URIVER,ROQ?
VRIVER,RDY
DRIVER,RQU4
DRIVER,R05
URIVER ,RQ6
URIVER,ROQY
DRIVER,RQOR
DRIVER,B09
DRIVER,R1IN
VRIVER, R
DRIVER,R1?
URIVER,RLY
VRIVER,B1u
DRIVER,R1S
DRIVER,R16




FITTER

156
165
tzao
LA

n
o

n
o

-~
o

o
o

10
12

14
16

0

SURRUUTTINF FITYTFERINPTS

SUBRIUTINF FITIFR USES THRE MEYHND (OF LEASY SQUARES

THE CNEFFTCTENTS,

X Y NG IRIND, ISIBN,2)

KEPRESENTING THE NEPENDFNT VARIABLE Y(I) (OR,

NATURAL LOMARTTHM)

SPECTFIED

NPTS VALUFS (F THF INDEPENDENT VARIABLE X(]),

INRPIIT PARAMFTIFKS
NPTS w» NIIMRER
X(1)
ALTITU
Y(7) =
CONCEN
N() DFGREF
IKIND

{ IF F
LNCY
2 1F ¢
Y

e INDEX
=1 FUR
z 2 FOR

[SIGN

ONTPUYT PARAMETERS
7(J) =
268 €

DIMENSTON
NAL 3 NMed
N2 = NP
DN 9 Tzt ,NOt

DN 9 J=1,N0U2

Afl,J)Y = 0,

CANTINYF

NN 20 Je1NPTS

R s veD)

AC1,1) = A(Y1,1) + 1,0
GN TO (10,12), TXTND
R ALUG(R)

S XC1)

GN Tu (14,16),
S = 1,0/8

W& 1,0
ACL,NN2) 2 A(Y,NUI2) ¢
DM 18 J=2,N04

W 2 s

AfY1,J) 3 A(Y, 1) ¢ 4
ACJ,NNQ) = A(CJ,NI2) +
PN 20 K=2,N0NY

W 3 %8

AR ,NDL) = A(X, NDT)
nn 30 [=2.n0t

DA 30 Jsi,N0

ACT,J) 2 A(Tal,te1)
CONTINMUF

A(20,21)0 X

1STGN

CALL SOLVF(A,Z,NO)
WF TN
END

NF DATA PUINTS
DE, KM

TRATINN, 1,/CM##3

Op POLYNOMTAL TO BE FITTFD
INDEX FOR ®KIND OF EQUATION TO BF FITIFD

QUATION 18
) = AD ¢ AfeX ¢ AQxRXww)D ¢
GUATION I8

2 A0 + AfleX ¢ APRXwa? o
FOR SIGN OF EXPNNENTS
NEGATIVE EXPONFNTS
POSITIVE eXPONENTS

URRFSPONDS TU 4N,

(100), Y(100)s 2(20)

QR

8]

100

VALUES (OF THE DEPENDENT VARTARLEF,

VALUES OF THE INDEPFENDENT VARTARLE,

OPTYONALLY,

(AND GTVFN EQUAL wFIGHTSY AT

|

eQGo'

. + ANaYXaw®N

o ¢ ANwYx®N

THE LFAST=SNUARFS FIT CNEFFICTENTS,
L(2) TU Af,

ETC,

TO COMPUTE
20J)4J=1,ND IN A& PULYNOMIAL UF DEGREE NO

178

SPECIFS

DRIVER ,R17
DRIVER,R(R
URIVER,R19
DRIVER,R20
URIVER,R21
CRIVER ,R2?
URIVER,R21Y
ORIVER,R2u
DRIVER,R2S
DRIVER,R24
DRIVER,R27
DRIVER,B2R
DRIVER,R29
DRIVER,R3N
URIVER RS
DRIVER,B832
DRIVER ,R3Y
DRIVER,R3uU
DRIVER R3S
DRIVER R34
DRIVER,837
DRIVER ,R3R
DRIVEF,R39
DRIVER,Ru4N
UDRIVER,Ru
VDRIVER,RY?
URIVER,RU3
VDRIVER ,Ruu
URIVER R4S
DRIVER, R4S
DRIVER,RuY
DRIVER  R4R
URIVER,Ru9
DRIVER,R50
DRIVER RS
DRIVER,RS?
DRIVER,RSY
DRIVER,RSU
DRIVER,RS55
DRIVER,RSH
DRIVER,RSY
DRIVER,RS58
DRIVER,R59Q
DRIVER,BR60
URIVER,Re 1
Dalvtpcnb?
ORIVER,RbY
ORIVER ReU
DRIVER,ReS
URIVER Reh
URJVER Rp?
ORIVER,RpR
DRIVER Rp0Q
VRIVER,RTA
ORIVER,R7Y
DRIVER,R7?
DRIVER,RTY
URIVER R4
UDlviﬂ.hlﬁ




(el
2,
Py

SUBRUNTINE TONNSUCJI, 7H)

SHURBROUTINE TOMUSY PROVIDES THE PHRNPERTIFS UF THE AMBIFNT
INNNSPHFRF RENUIRFD KY ALL THF CHFMTISTRY MUNULES,

MNAFVFR, THTS THIRD VERSINN OF TUNOSU IS LIMITED IN THAY THF
PROFILES MNF INNOSPHEKTIC PROPERTTIES AWF REPWESFANTATIVE BUT
NOT NFCFSSARILY THE FINAL SFLFCTINNS,

THE Ew AND FeREGINN CHEMISTRY MNDYLE REQUIKFS,,,

(1) 301 /72(Cmand SEC)Y 2 FFN, THE eFFFCYIVE TNTAL 1NN
PRODUCTTINN RATE THAT REPRNDICFS THE AMBIENT INNNSPHERF
AHEN IGED WTTH THE FHFMISTRY MODEL,

(2) Ne(1/Cmax3) = EFOP, THE PNSTTIVF ATOMIC ION OFNSITY,

(3) Mae(1/CMmun3) 3 EFMOLP, THE POSTTIVE MOLECULAR TON DPENSTITY,

(4) TX(PEG K), THF FLECTRON AND N2 VIRRATTUNAL TEMPFRATURF,

THE DeREGT(IN CHEMTSTRY MONDULE REWUIRES,,,

(1) We1/¢(Crvexd SEr)) = DR, THE EFPFECTIVFE YUTAL TuUN PRNADUCTINN

DRIVER,R76
DRIVER,BT7Y
VRIVER ,A78
DRIVER,R79
VRIVER,RE0
DRIVER,RB1
URIVER,RE?
URIVER ,BRKT
DRIVER,RBU
DRIVER,RBS
DRIVER ,REb
ULRIVER,RB7
DRIVER,RBR
DRIVER RR9
URIVER,R90
ORIVER ,RQY
DRIVER,R92
DRIVER,R9%
DRIVER,R94

RATF THAT REPROUDIICES THF AMBIFNY TUMUSPHERE wHWEN ['SED WTTHDRIVER,RQS

THE CHEMISTRY MOPFL,

INPUT PARAMETFRS
ARGUMENT L TST
JJ = CALCULATION FLAG
= 1y CALCULATE INTTTIALIZATYION PARAMFTFKS
= 2, CALCULAYF TONUSPHERIC PRNPERTIFS
7H w ALTITHDE OF INTFREST (kM)
ATMOIIP CNOMMON
INURN, SNTC(1), SNT(2), SNT(3), TT
ALTORN CNMMN
ALTKM(4T)
RATF FUNCTTON
RATE
NTPUT PARAMETERS
ATMLIP CNMMON
SNIC 9), SNI(10), SNIC11), SNI(12)
TONALP CAMMON
EFEJEFUP,EFMNOILP, TX,WDEF
VARTARBLES TN IONOYP
FFE=SNIC Q) « ELECTRON DEMNSTTY IN Ew AND
FaRFGTON, (/CMan}
FFNPSSNIf1Nn) =« ATOMIC NXYGEN IDN DENSITY IN Fe AND
FeRKEGTON, 1/CM%a}
FFMOIL PESNIC(]Y1) e MNLEC!ILAK INN DENSTITY IN Fe AND
FeREGIUN, 1/CM*%}
TxzSNI(12) w FLECTRON AND N2 VIBRATINNAL
TEMPERATURE, NDEG K
ONFFP e EFFECTIVE TNTAL I0ON PRUDUCTTON RATE,
1/(CMwxY SEF)

THE WFQIIIREN NUANTITIFS FOR THE be AND FeREGINN CHEMISTRY ARE

LIRTAINED A8 FNOLLOAWS .4

(1) EF IS COUMPLITFD FRUM & MUNIFLED FORM NP EN,(2=2786) NE
DASA Pu97el (GEw70),,
EFu = FFALPDaFFFabFFaly) 0 ¢ EFALPR*EFF/FFRETAY /L) ,N

DRIVER,R94
DRIVER,B9Y
URJVER,RQR
URIVER ,RG9
DRIVER,Q00
DRIVER,Q01
URIVER,902
URIVFER,903
URIVER,904
CRIVER,905
VRIVER Q04
DRIVER,Q07
DRIVER,9QR
DRIVER,Q09
DRIVER,Q1D
UVRIVER,91
DRIVER,91?
ORIVER,913
URIVER,914
DRIVER,91S
DRIVER,Q14k
UHIVE9.017
ORIVER,QR
ODRIVER,919
ORIVER,Q2N
DRIVER,Q21
DRIVER,Q2?
DRIVER,927%
DRIVER,924
URIVER,92%
DRIVER,926
URIVER,Q27
DRIVER Q2R
URIVER, Q29
DRIVER,Q930
DRIVER,931

b S AT 3 S



(FFALPD&EFSF & FFALPRA(1 ©EFSF)#tFE/EFHETA)

URIVER,932

NHERE VRIVER,933
EFF = FELECTRON DENSTTY PROVIDED AS INPUT DATA TN VDRIVER,934
INNOSU (1 /CM223) DRIVER,935

FFSF 3 SNIC3)/(SNI(3) ¢ 2, #(SNT(1)eSNI(2))) URIVER,936
SNT(1) = N2 CONCFENTRATTON ORIVER,937
SNT(2) = (12 COMCENTRATION DRIVER,93r
SNT(3) = N CUNCFNTRATION DRIVER,9409
FFALPD = DTSSOCIATIVE RECUMBINATION RATE CNEFFTCTENT FNk DRIVER,940
THF KEACTION Me ¢ E = PRONUCTS (CMww3/SEC) ORIVER,941

= RATF(13,TX) ¢ RATF(14d,Tx) WHERF RATECINDY,TEM) [S ORIVER,9u?

THE FUNCTTON ROUTINF FUR Fo AND FeREGION RATE DRIVER,94%
CNEFFICTIENTS, (CM#w3/SF() DRIVER,9uu

FFRETA RATF (10, TX)®SNI(1) ¢ RATE(Q,TT)#SNI(2) (1/SEC) DRIVER,945

DRIVER,94s
URIVER,947
DRIVER,94AR
DRIVER,949
DRIVER,950
URIVER, 951
DRIVER,95?

RATF(10,TX) RFACTTUN RATE COEFFTCIENT FNR THE REACTTIUN

Ne & N2 = Ne ¢ N

RFACTTION RATE COEFFICTIENT FOR THE REACTION

e ¢ (12 3 e+ ¢ 0O

(2) EFOP Tg COMPUTED FRNM a MOPIFTED FURM UF Fu,(2ep74) OF
DASA P4Q97=y (GE=70),,
EFUOP = FFESF*pFU/(FFRETA ¢ LFALPR*FFF)

RATF( 9,TT) =

wWHERE DRIVER,95%
FFALPR = EFFFCTIVE TwUmgNDY CULLTSTUNAl «RANDJATTIVF REFOMBINA® DRIVER,Q54
TTOMN RAYE COEFFICIENT FOR ATUMIC TUNS DRIVER , 958

= RATE(11,7X) ¢ RATF(12,TX)*EFE ¢
TXa#*3 (rMrad/SEC)
(%) EFMALP TS COMPUTED FRNM A MODTFTED FURM UF FQ,(2=275) (F
DASA 2uQ7e] (GE=70),

EFMOLP = ((1,«EFSF)ebFN + FFRETA®EFE)/(EFALPD*EFF « FFRETA) DORIVER, Q60

(4) TX(DEG w) IS POMPUIFD FROM AN [TERIM PRFSCRTIPTINN, DRIVER 961

cc DRIVER,967
FLECTRUN PENSTTY PROFTILFS FNOR NOMINAL MIDLATITUNE DaYTIME AND DRIVER,Q63
NYGHTTIME CONDITINNS TN THE te AND FeREGINNS AKF PROyINDFL AS VORIVFER,Qp1

1,9F=07*SNART(FFF)/ DRIVER,954
DRIVER ,957
ORIVER,95R

URIVER,959

APPR X IMATE FITS TU (URVES IN FIG, | NF H, RISHRETH, PHYSTCS DRIVER,96S
AND CHEMISTYRY UF TwF TUNNSPHERE, CONTEMP, PHYSIES, VOL, 14, DRIVER,966
P, 229(1973) (Kle73), DRIVER,987
cc DRIVER,9pR
FNR DAYTIME FLECTRUN DENSTTY,, . URIVER,969
cc URIVER,970

ASS!I4F PARARLIC TNCREASE IN UG O ELECTRUN DENSTTY FROM
AL OGIACFRATN) 5 5,0 AT ALTITYUNE HWEBNID = 100,0 XM TN
ALORLO(FFPMYD) = ALNGIOCT7,5F+n5) AT ALTITUDF HF2MXD = 300,
FOLLIWED AT MTIGHER ALTITUDE HY EXPUNENTIAL NECKFASE wWITH
SCAlLE HFIGHT FoNSFH = 200, XM, HKFLOW ALTTTIIDE HERJTD, ASSUME
EXPONFNTTIAL OF(CREASF W]TH SCalk MFIGHT EONSCH = 5,0 kv,

URIVER Q79

DRIVER,Q7?
KM, DRIVER,Q73
URIVER,Q74
DRIVER,978
ORIVER,Q76
URIVER,977
DRIVER,Q7R
DRIVER,Q79
URIVER Q8N
DRIVER,Q981
DRIVER,98?

IF(7H,GT HEA2MYD)  EFF = EFPMxNabXP ((HFMxNeZH) /F2NSPH)
IF(74,06F FROTND AND, ZH LE HFPMYD)Y

EFF = FF2MyNef(oe(FRFAG(HFIUYXUm/(H)anrD)
WHERE THME CNEFFTICTENT EFEA TS DETERMINED SU
AY ALTITUNE wEROTH,

THAT FFF = FRNTIN

C
C
C
C
C
C
@
€
C
C
C
C
C
C
C
C
C
C
C
c
C
(o
c
C
C
C
€
C
C
C
c
C
¢
(>
c
¢
C
C
C
C
€
¢
C
C
€
C
C
¢
C
c
C
¢
C
¢
C
C

TeBos FFEA = ALNGIOCEBUTD/ZEF2MXN) / (HFIMXeHERNTN) 22D DRIVER,Q983
AT TH URIVER,984
HE2MYD = ALYTITUDE OF FPMax IN NAYTIME, &M DRIVER,98%
FF2MY) = ELECTRON DEMSTTY AT F2MAXx [N NDAVITIMF, 1 /CMaal URIVER,QRAK
FROTD = FLECTRON DENSTTY AT MFRNTIN, (/(mMeed URIVER, 087
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JF(ZH LT HERBUITD) EFE = EROTOSEXPC(ZrernERNTN) /ENHSCH)

FNR NTGHTTIME ELECTRON NENSTTY,,,

ASSIIMF SINUSTD INCREASF TIn (NG JF FLECTRON DENSITY FRUM
ALDGIN(FROTNY = 3,0 AT ALTITUDE MERDIN = 100, KM TU

DRIVER,9KR
VRIVER 949
URIVER,Q9nN
DRIVER,991
UR]IVER Q92
URIVER, Q9%

ALUGIA(FFE2MYNY = ALDGLOCA,0F¢n5) AT ALTTITUDE HFAPMXN = 360, KM,DRIVER,994
FOLLUIWEDN AT HIGHER ALTITUDE RY EXPUMENTTAL DEFREASE ATTH SCALFDR]IVER, 995

HEIGHT FANSFH = 200, XM, RELOW HERNIN, ASSUMF FxPUNENTTAL
DFCREASF WITH SCALE HEIGHY FDNSCH = S,0 KM,
TF(74,GT HE2MXN)  EFE = EFOMXNSFXP ((HF2MXN=ZH) /FRNSCH)
IF(ZH,GF JFROTN (aNp, ZH,LE,NFAMXN)
ALUGIN(FFFY = ALNGIN(ERDINY ¢ (,SneaLNGIolEF2MXN/FBNTN)

* (1, NeSIN(PIN2* (D, #/HaHERDTNeHF2MXN) /

(HF2MXN®HFBOTN) ) )

IF(ZH LT HERUTN)  EFE = EROTN*EXP((ZH=rHERNTN) /EDNSCH)

FLECTRUN TEMPFRATIIRF PROFTLES IN THF F= AND FPaREGTUN ARE

JATAINED, FOk (NUNNY PAYTTIME CUNDTITIUNS, RY PRESCRIRIN(G THE
NTIFFERENCF RETWFEEN THE FLFCTRNN TFMPERATURE TX AND THF GAS
TFMPERATIRE TT AT TwO  ALTITHUFS AND USIMNG A FARABNLIC FITY

VRIVER,996
DRIVER,997
URIVER,99R
DRIVER,999
URIVER,1000
DRIVER, 10N}
DRIVER,1002
DRIVER,1003
VDRIVER,1UNMU
URIVER,1005
URIVER,1008
DRIVER,1007
DRIVER,1008

TN THTIS DIFFERENCF, FUR NIGHTTIMF CUNDITTUNS, Wk ASSUME TxsTTDRIVER,1(009

FOR DAYTIME FLECTRON TEMPERATIIRE,,,
ALTITHDE, kM TXeTT, NEG K TT(CIkAehS, MiNE| «&, RenxR)
120 0
200 500

TxT120 335
TxT200 933

THESE VALIIFES NMF TYeTT ARE CONSISTFNT W]TH THE VAL!IIES NF TX

URIVER 100
DRIVER, 1011
ORIVER, 1012
DRIVER,1013
LRIVER, 1014
VRIVER,1015%
UDRIVER,101m
DRIVER,1017

REPORTEN Ky J,Vv, FVANS (MILILSTUNE RILL THAMSUN SCATTER RESULTSDRIVER,101A

FAR |9ak AND 1947, PLANFT, SPACF SCT, VUL, 21, PP, 763=797
(1973), (Fv=73)) AND THE CTRA®19KS MNDFLeS BeHR ATMOSPHERE
(f1e=s5),

JF(2H,LT,1204) tx = 11
TF(7H,GF (10o0,) TXYT = SNRT( ZwWM120/4 )
WHERE
7HM120 = 7Hel?2n,
A = B0, / S004ns2

THE RFGUTRED QUANTITY PR THE DeREGTUN CHEMISTRY 1S (JRTAINED
AS FUOLLNWS, .4
DR TS FNRCED Tu EQUAL THE VALIIE UF FFQ AT THE sOTTuM 0OF THE
GRIN (QNwkmM) AND TS5 DETFRMINED Ry INPIIT DATA AT [ OwFK
AL TTTIIDFS,
NOTE L., GDFF 3 PQ DOk ENEF = FFEQ NEPENDING NN THE
ALTITUNE ¢ZM,

FAR DAYTIME, oy

EFCZr LP o804)
P DUDAY(Y) « GANI3INTaa(ZHMZ0T/213M07)
IN13INT = NUNAY(13)/NuUnAY(T)
2HMINT = IreALTKM(T7)
Z13M0T = ALTKM(1 ) el TKM(T)

DRIVER,1019
LRIVER, 1020
DRIVER,1021
ORIVER,1022
URIVER,1023
ORIVER, 1024
URIVER,10°25
URIVER,102e
URIVER,1027
URIVER, 1028
URIVER,1029
VDRIVER,103%0
DRIVER, 103y
LRIVER, 1032
DRIVER,1033%
DRIVER, 1034
DRIVER,1035
ORIVER,10%s
DRIVER,1037
DRIVER,1038
VRIVER,1039
DRIVER,1040
ORIVER, 10U}
DRIVER,10Up
URIVER,1043




1
11

1A
en

34

36
37

ur
51

53
sl
77
110
114

C
€
C
C
c
C
C
(
C
C
C
€
C
C
C
(

cec

1860
120

*

IF (6044l ToZW saND, ZH LT ,90)
NN = DGNAY(13) * ADI1QI3sea(/HM713/219mM13)
ND191Y = FFRZ19/DUDAY(LS)
ZMM71% = THeALTKM(13)
ZI9M1Y = ALTRM(19) AL TKM(13)

FOR NIGHTTIME,,,

IF(

IH,LF460,)

0N = DEUNIT(7) &« GN1I30Tax(7HMZNT/ZY3M0T7)
ANL30T = DEUNITCI3)/NENTIT(T7)
IF(AD L1424 AND, ZH LY, 90,)
DR = NDENIT(13) * ONIQI3#a(ZHMZ13/7219M13)
UN191T = FFNZ19/0BNTIT(13)
DTMENSINN  PUNAY(18),PUNIT(18)

COMMON/ZATMLIP/
COMMONZTUNLIIR Z
COAMMUN AL TUON Y/
COMMIN/2HEHE X/

NATA F

HL s SBAR, IDURN,PP,RHOD, TT,SN[(16) ,HRHN,FERSFQ
EFELEFUP,EFMULP, TX,RDFF

NALTON, AL TRM(ATY,NDAY(R2T),UNITECIR),S122N,C02(25)
IHFLAG

BRITU,HERDTIN,EFAMXD, HF 2MD,F2DSCH,ENDSCH / 1,0F+405,1,0E402,

7.0‘00S,5.0F002.2.0F00805.0 /

Nata

EROTN, HERNTN FFMXN, HF OMxN FONSCH,EDNSCH /

1,064n3,1,0F+02,

doUFeny, 3 6FenN2,2,0F¢02,5,0 7/

DATA
DATA

TXT120,TxT200,TXTRO0 /7 0,0,5,06402,1,B8E403 /
PT / 3,14159265859) /

IMTERIM VALUES 06710/75

DATA
INT
NATA
GN YO (
INI
IN]

(ONDAYCTIY, 131 ,18)/A%0,,3,3,5%0,,0,06,5%0,/

FRTM VALIIES 06710775

(ORNTTCT) , T2t ,18Y/h80,,3,3,5%0,,0,06,5%0,/

100,200y, JJ
TIALTZATTON,
TIALTZATTIIN,

CALLED FROM GIIBRUINTINE ATMUSU DIIRTING TTS

CONTINUF

PID? s
HPPRNDP
HAMR()D
Al G2DY
EFEA =
A = BN,
1D

Pi/2e

= 0,50%(HF2MXNSHERDTN)

T N,50%(HFPMXNeRFKOTN)

B 0,50*ALUGIOCEFMXN/EROTN)
ALNGIO(ERDTYD/EFRMXD) /(HF2MXDeHERNTD ) # 42
/ (500,%500,)
TIALTZATTON FIRP DaREGINN

Hewe

COMPUTE BELFCTRON TEMPERATIIRF AT 90exkM ALTITUDF

TY =

EFE = E
6 YU

CAMPTE NTGHTT Mg
EFE 3 ERNTN # EXP( (90,

EFA|LPD
EFALPR
EFSF

EFRETA

YT
IF(TDORN,LT,0) G T0
CNuPyTE

150
DAYTIME FLECTRON DENSITY AT 90 KM
S)11D * ¢XP(l (90, =HFHNTN)ZENDSCKH)
AN
ELECTRON NDENSTTY AT 9Nek™M AL TITIHpDF
e HEBQTN) /FUNSCH)
= RATE (13,Tx) ¢ RATF (14,7X)
T RATE (11, TX)4RATE (12, Tx aFPFey StaQlaSURT(EFL)/Txxenld
B SNT(3)/(SNT(R) ¢ 2,+(SNIC1) & SNT(2)))
2 RATECYLN, Tx)aSNuT (') & RATF(I,TTIINSNT(P)

DRIVER 1044
URIVER 1 U0US
URIVER, 1046
DRIVER, 1047
CRIVER,104R
DRIVER,1049
URIVFR,10S0
URIVER,1051
DRIVER, 1082
DRIVER, 1053
URIVER, 1054
VRIVER, 10585
DRIVER,1056
DRIVER, 1057
DRIVER,1058
DRIVER,1089
URIVER,1060
URIVER, 1061
ODRIVER, 10k
DRIVER,1063
DRIVER, 1064
DRIVER,1065
DRIVER,1066
DRIVER,1067
DRIVER,1068
URIVER,1069
ORIVER,1070
DRIVER, 1071
URIVER,1072
DRIVER,1073
ODRIVER,1074
URIVER,1075
ORIVER,1076
ORIVER,1077
DRIVER, 1078
DRIVER,1079
DRIVER,10R0
DRIVER,10R1
DRIVER,10R2
DRIVER,1083
DRIVER,I0RY
URIVER,108%
ORIVER,10R6
DRIVER,10R7
DRIVER,10RH
ORIVER, 1089
DRIVER, 1090
URIVER, 109}
DRIVER,1092
DRIVER,1093
URIVFR, 1094
DRIVER,109%
OPRIVER,109s
DRIVER,1097
URIVER,1098
DRIVER, 1099




125

140
1u4
148
1467
150
15
164
154
156
160
10!
tel

165
172

175

202
203
21?2
212

212
210
222
222

222

225
22k
235
215

238
237
2usS
Pun
247
2u7

EFL710 = FFALPH&EFE*EFEX(1,0 ¢ FFALPR*pFE/EFRFTA) /
(1,0 ¢ (FFALPD®FFSF « FFALPR# (| ,=tFSF))AFFF/FFRETA)

IFCINDORN,LT,0) 6GU TO 190

AN191% = FFENZ19/DADAY(13)

JyNI307 = DUNAY(13)/DUNAY(T7)

6N T 195

GN191% = FFNZ19/NANTT(13)

GN1IZ0T7 = DENITCLRYI/ZDANIT(T)

CONTINUF

219M13 = ALTKM(19)YeA| TRM(13)

ZA3MQT = ALTKM(13)eALTKM(T)

NFTiIkN

CONTINYF

1F( 2H NEJZHFLAG ) CALL ATMNSU(e,ZH)

AN ERRONENIS CONPTTINON wWILL UCCUK TF TOUNOSU IS CALLFD WITH
JJs2 AND A GIVEN VALUF NF 2% TF ATMNOSY WAS NOY REFN CALLED
FIRST wTTH 1J=2 AND FOK THE SAME VALUF NF i"‘.

THE VAKTAR F ZHF_AG IS ISED TN DETECT THMIS CUNDITIUN AND
TN MAKE THE REWYUIRED CalL 7O ATMUSU,

IHFLAG TS INITYIALTZED TN AN ARBITRARY NEGATIVE VALUE IN
THE INTYIALTZATION CALL TO ATMUSY,

IF(7H,GF,90,) GN TU 208
SFT ELECTRON TEMPFRATUKF FOR 72m,LT,90,
X = Yy
IFRO FEF, EFQP, AND ¢FMNLP FOR ZH,LT,90,
EFE = EFUP = FEMLP = 0,0
PROFCEED wNITH DY CALCULATINON FNR W, L T,90,
IF(TONRNGLT,0) AU TN 350
COMPUTE DAYTIME DA
IF(7HLF,60,) 6N TU 325
CNMPUTE DAYTIME DA FOR A0 ,LT,2H,LT,90,
ZHM71Y =2 JHeAl TMMI13)
DA 2 NEINAY(13) « QAD19YI3#ex(24MT13/719M13)
6N Ti1) 3RS
CONT[NIIE
COMPUTE DAYTIME DA FOR ZN,LF .60,
ZHM707 = 7HeAL TXM(T)
NR 2 DUNAY(T) w WUN1307&xa(ZHMZ07/213M07)
GN Ti) 3AS
CANTINUE
CNMPUTE NTGHTTIME DA
FREZMGLF s 60¢) G YO 7S
CNMPUTE NTGRTTIME DA FUR 60,LT¢7H,LT,90,
IHMT71Y 2 ZHeALTHKM(1Y)
NN 2 NDENTT(CI3) & ONIQYI 3« (ZHMZ13/719M13)
G Y1 3RS
C”\‘YIN\IF
COMPUTE NTGHTTIME DR FUR 7K,LF,.60,
ZHMZUT 3 ZHeAlLTKM(T)
NA = NONTIT(T) & UNISOTak(ZHMZNT/213M07)
r\’\[! g Ny

SNIf Q) 2 0,0
SNIC1A) = 0,0
SNIC(11) 2 0,0

URIVER,1100
URKIVER,1101
URIVER,1102
URIVER,1103
DRIVER,1104
DRIVER,1105
DRIVFR, 1106
DRIVER, 1107
DRIVFR,1108
URIVER,1109
ORIVER,1110
DRIVER,1111
DRIVER, 1112
URIVER,1113
URIVER, 1114
URIVER,1115
DRIVER, 1116
ORIVER, 1117
DRIVER,1118
DRIVER,1119
DRIVER, 1120
DRIVER, 1121
URIVER, 1122
DRIVER,1123
VRIVER,1124
DRIVER,1125
ORIVER 1126
ORIVER,1127
DRIVER,1128
DRIVER,1129
DRIVER,11%0
DRIVER, 113
VDRIVER,1182
DRIVER,113%3
UCRIVER, 113
DRIVER, 11135
DRIVER, 1136
DRIVER,1137
LRIVER,1138
DRIVER, 1139
LRIVER, 1140
DRIVER 114}
DRIVER, 1142
DRIVER, 1143
URIVER, 1144
DRIVER,1145
DRIVER,114de
VDRIVER, 1147
DRIVER,1148
DRIVER, 1149
ORIVER,1150
VRIVER,118]
DRIVER,11%2
ORIVER,1153
VRIVER,1154
DRIVER,1155




259
252

253

258
257
265
267
2712
10?2
302

311
314
316
316
120
328

327
132
340
ur
345
Ih1
363

374
40%
ne
a4p%
hut

nsp
usp

4ss
ned
amnd
ussS
us?
U A
ary

é1e
FXR

[AK)

220
2?2

224
(o ol

CEC

250
260

2he
2hd

2hb

270
CEC

ccc

¢R0

SMI€12) = 1Y
RETIHIKN

IFC INURNLLT,N )Y GO TN 250
COMPITE DAYTIME ELECTRUN
te AND FeREGINNS,

DENSTTY AND TEMPERATURF NF

EIl ECTRON DENSTTY
IF( ZHeHMERGTD ) 210,212,212
EFE = BER)ITD w FXP((ZHeRFRNIN)/ENDSCH)

LN YO 220

[F( ZHeHFIMXD ) 214,214,216

FFRE = EFQMXD #® () k¢ (FFEA®(HF2MXDwZIN])*nD)

GN T 220

EFE = BEF2MXN & FXP((HFRMXD=7KH)/F2NSCHY
ELECTRION TEMPERATIIRF

IF( ZHw120, ) 222,224,224

IX = 11

GN T 2RD

IHM120 =2 7me120,

TY = TT & SORT( /H4120/4 )

6N YO 2RO
COMPUTE NTIGHTTIME ELECTRON DENSTTY AND TEMPFRATIIRF NF
E= AND FaREARINNS,
ELECTRON DENSTTY

[F( ZHaHEROTIN ) 260,262,262

EFF 2 ERITN » EXYP((2HaHFROTN)ZENNSCH)

LN TY 270

IF( ZHaHF2MXN ) 264,264,266

EFE = EROTN + 1N, aal ALGRDLw(1 ,0¢SIN(PIN2e(ZHeHAPPRD2) /HAMRD2)))

GN Y1) 270

EFE 3 FFoMYN * FxP((HF2MxNeZH) /F2NSCH)
ELECTRION TEMPFERATIIRF

ey

COAMPUTE eFW, FFOP, AND FFMOLP
EFG
EFALPD 3 RATE(13,Tx) ¢ RATE(14,TX)
EFALPR = QATEl(1,Tx) & RATEC(12,TXY*EFF ¢ | SEwUT*SURT(EFE)/TXRe]

EFSF = SNT(T)/(SNT(3) ¢ 2% (SNI(1)+SNT(2)))

EFRETA = RATE(10,Tx) « SNI(1) ¢ RATE(Q,TT) * SNI(P)
EFW 3 FFALPNAFFFaAFFFa(],0¢tFALPR*FFF/FFRETA)/
* (1,04(EFALPDREESF ¢ EFALPR&(]1,®FFSF))*eFE/EFBFTA)
WNEF 3 FFN
FFLIP
EENP = FEQF#FFQ/(FFHETA & EFALPR%FFE)
EEMAOLP
FEMOLP = ((§,9kFSF)*EFN ¢ FFRFTAFFE)/(FFALPD*EFE ¢ pFBFTA)
SNI(Q) 3 FFF
SNIC10) = EFQOP
SNIfL1Y =2 EFMINP
SMif12) = 1Y
WE TIIRN
BN

106

URIVER, 11586
URIVER, 1187
URIVER,1158
DRIVER,1159
DRIVER,1160
URIVER,1161
URIVER,116¢
DRIVER,1163
DRIVFR,1164u
URIVER, 1165
DRIVER,1166
DRIVER,1167
DRIVER,1148
UDRIVER, 1169
URIVER,1170
DRIVER,1171
DRIVER, 1172
DRIVER, 1173
UDRIVER, 1174
DRIVER,1175
VRIVER,1176
ORIVER,1177
DRIVER,1178
URIVER,1179
URIVER,11R0
DRIVER 118}
URIVER,11R2
URIVER, 1183
ORIVER,118u4
DRIVER,11RS
DRIVER,11Rs
URIVER,11R7
DRIVER,1188
DRIVER,11RQ
DRIVER, 1190
DRIVER,1191
ORIVER, 1192
DRIVER,1193
URIVER,1194
URIVER,11Q5
ORIVER, 11986
ODRIVER,1197
ORIVER, 1198
DRIVER,1199
DRIVER,1200
VDRIVER, 1201
ORIVER, 1202
VDRIVER,1203
URIVER, 1204
ORIVER, 1208
DRIVER,1206
DRIVER,1207
URIVER,1208
VRIVER, 1209
URIVER, 1210
ORIVER, 1211}
DRIVER, 1212
DRIVER,1213




JULIAN

1

12
20

20

23

30
3P
3h
17

cec

£ D D
A
o

Lkl o W i I o

c£ce

cec

SUKRUUTINF Tl TANCIYRS, TMONG, TDAYS, YRFJ, vFUW.],NDAYJ)

SURBK)UTINE JuUL IAN CONVERTS A AREGNRTAN CALENDAR DATF Y0
JULTaN DAY NUMRFR DAyJ FOR SURKOyUTINE S'ILORA,

SUBRJUTINF JULLAN IS VALID FUR YEARS 1901 10 1999 INCI USIVE,

PANAMF TFRS
TYRS e« NUMRBRER NF THE
RFCNMFS 74),
IMIINS = NIIMRER NF THE MNONTH (F,G,,
INDAYS e DAY OF THWF MONTH

IMPLY

YEAR IN THE 1900 S (E,G,, 1974

FERBKUARY HF(NMFS 2),

JUTPUY PARAMETERS

YRFJ e JULTAN DAY NiUMRFR (A HALF INTFGFN) AY 0 HRS UT
UN JANUAKY 1 DOF THE YFAR 0OF INTFWEST,
VENJ =« JULTAN DATE FNR VFRNA[L FWIINUX,

NAYJ « JULTAN DAy MNyMBFK (A Halbk [NTFGEK) AT 0 WRS UT

1IN THE DAY NF INTERF3T,

DFFINITYT N NF DATA
DAYM(T) e THE CHMULATTIVE NUMnER OF NDAYS FRUM THE REAINNING
(IF THF YEAN 10 THF FND NF THE (Tel)TH MNNTH, IN
A NONel{FaP YEaAR,

DTMENSION  DaYMEL2)

DATA  (DAYM(]),131,12) / 04p3160590+9049120,,151,,181,,2124+
* 243, ,27%,,304,,354, /

DAYS = TDAYS

YRS = [VYRS

THE FTRSYT TERM FOR DAYJ IS THF JULIAN DAY NUMBER AT 0 HRS yY
1900 JANARY 1, THE THIRD TERM FNOR DAYJ T3 [HE NIMRER (F
EXTRA (LEAP=YFAR) [AYS SINCE 1900 1N THFE STARY NF THE YEAR
(OF TNTEREST,

DAY =
yRE !

2u15020,5 ¢ 3p5,#yRS ¢ AINT(
s DAY
VERNAL

(YKS=1,)/4, )

Fulizmux NCrURS wTITHIN ABNIUT 7 SECONDS NF TIMF AY
00 HOURS ON 21 MAQCH 1974, AY wHICK TIMF THE JULIAN DAY
NIIMRER 1§ 2442127,5 , FOUR MNpaKBY YFARS THE JULTAN DATE FNK
VERNAL FOUINOX wItL mE RIVEN RY VFRDY,,

VFGJ = 24up2127,5 4 365,25%(YRSe74,)

LFAP TS AN INDEX THAT EQUALS n
ENVALS 1, 2, NR 3

FNk A LEAP YFAK AND (QTHERWISE
.

LFEAP 3 MOD(TYRS,4)

IFC IMONS,LLT,3 )Y GN Y0 1

IF( 1EAPGER,0 ) Dav) s DAYJe1,n
DAY = DAYJ ¢ DAYM(IMONS) ¢ (DAYSe], 0)
RETIIRN

END

UDRIVER, 1214
DRIVER, 1215
DRIVER,1210
DRIVER, 1217
URIVER 1218
URIVER 1219
URIVER, 1220
URIVER,1221
URIVER 1222
DRIVFR,1223
URIVER,1224
DRIVER,1225
VRIVER,1226
URIVER, 1227
ORIVER,12?28
DRIVER,1229
ORIVER,1230
DRIVER,1231
DRIVER,12%2
DRIVER,1233
DRIVER, 1234
DRIVER, 1235
DRIVER,12%s
DRIVER,12%7
ODRIVER,12V4
URIVER, 1239
DRIVER,1240
URIVER, 1241
URIVER 1242
UPJVER,1243
DRIVER,1244
DRIVER 1248
DRIVER,12us
DRIVER, 1247
DRIVER,12u8
VRIVFR 1249
URIVER,12580
DRIVER, 1251
DRIVER, 1252
DNIVER 12538
DRIVER, 1254
URIVER, 1285
URIVER, 1256
URIVER, 1257
DRIVER, 1258
DRIVER, 1259
DRIVER, 1260
VDRIVER 1241
DRIVER,12K2
URIVER,12K3
DRIVER, 1264
URIVER, 1285




RATE

FUNCTTON RATE(INDX,TEM)

URIVER 1260
URIVER,12K7
URIVER, 126K
CRIVER,12K9
DRIVER,1270
ORIVER,1271
DRIVER, 1277

DRIVER,1274
URIVER,1275
DRIVER,1276
URIVER, 1277
DRIVER,1278
CRIVER,1279
DRIVER,12R0
DRIVER,12F
LRIVER,12R2
ORIVER, 1283
URIVER,12R4
DRIVER, 12RS
URIVER, 1286
ORIVER,1287
DRIVER, {2RR
DRIVER,2R9
DRIVER,129¢
DRIVER,1291
ORIVER, 1292
DRIVER,1293
URIVFR, 1294
DRIVER, 1295
URIVER, 1296
DRIVER,1297
DRIVER, 1298
ORIVFR,1299
PRIVER,1300
DRIVER,130¢
DRIVER,1302
DRIVER,13n03}
DRIVER, 1304
DRIVER,1305S
ORIVER,1306
ORIVER,1507
DRIVER,130&
DRIVER,1309
DRIVER,1310
DRIVER, 1311
DRIVER, 1312
ORIVER,1313
LRIVER,1314
DRIVER,131%
DRIVER,1318
ORIVER,1317
DRIVER,131K
DRIVER,1319
ORIVER, 1520

C
C RFACTTON RATE COFFFICTENT FNR A SPECIFIFD REACTIUN
¢
€ INPIITS
& [MDY = REACTION INDEX (SEE HELOW)
C TFM = TEMPFRATIIRF (DFG )
C VIRRATTONAL/ELFCYRON TEMPERATURE FNOK KEACTIUMS 7,H,10e14,230RIVER, 1273
C AND 24
& ¢ unTPuY
£ C RATFE = REACTINN RATF CUFFFICIENT
e C
¥ & RFACTTIONS INCLUDED
A =
; C 1 Ne ¢ )2 = N+ ¢ 0 e N¢e + (2 3 02+ ¢ N
3 € T Ne ¢ 02 = Ne ¢ NN 4 N4 ¢ N2 = N2e 4 N
C S Né¢ ¢ NO = NOE ¢ N & N+ ¢+ (0 3 Us ¢ N
C 7 Ne ¢ F = N ¢ MNY R N¢ ¢ F ¢ F = N 4 E
ks C Q Ne ¢ 02 = N2+ ¢ N 10 N¢ ¢+ N2 3 NUe ¢ N
e 2 1Y Ne ¢ E = 0 + HNU 12 N+ ¢+ E ¢« £ = U + E
. ¢ 13 NDe ¢ F = Meug) ¢ N JU NUe ¢ F = N(2D) ¢ N
C 15 M(4S) ¢ 0 = NU+ ¢ F 16 N(20) ¢ 0O = NU+ ¢ F
£ 17 N ¢ N = NO & HNU 1R N ¢ N = N2 +« HNU
( 19 N(aS) ¢ N =z NO ¢ D 20 N(2D) ¢ D2 = N0 ¢ N
C 21 N(4S) ¢ NO 3 N2 ¢ N 22 N(2uU) ¢ NU = N2 ¢ D
C 2% N(4S) ¢ F © N(2D) + ¢ 24 N(2D) ¢ E = N(4S)
< 28 M & N2 =z N & N ok F+1240)7 = Noweil2
3 27 N2weN2 = 124N 28 N2=eN = N3+E
€ 29 Niek = Ules(l 310 NEeeNOeM 2 (JUeweM
(¢ 31 NUeeM &8 N2mal1PeM 32 NUe+N = N3eene
¢ 33 N3weN? = NUed) 34 NUwdN) = UONO+0?
¢ 35 NOND=+N2 2 NU=+eND 36 Nimsn = N2wene
¢ 37 N2es12 = leti) 3R N3eeND = N2edlp
(0 39 N24nMN2m = N3wéN( 4f NUND=eND = NN2weND?
Y 41 N)2eeNN2 = JNNNeeNN 42 NEe=+NJ2 = N(Pe+0)2
c 4% NNPwee )2 = NoesN(}2 U4 NUPHF = NUPweHNU
C 4S NOPedHN(j = NMQE b NUPweNN2 = NNiaeNU
€ 47 NOJa¢ND = N1DeeNp 4B y+¢Ye = PRODICTS
= 49 YeevYerM = FRODICTS G0 AL*+FeM = AL M
C 51 [IN02++E =z (i+N2 52 (UssF = (140
c ST P ++E = 1yNeN Sy [|+¢E+M = UeM
C 58 N+F = NmerHNy 5h Nesld 3 JI+F
[ S7 NaeNMN = N2 eF SR Neeh 2z NO+F
L S9 Na¢)2 = Ng+¢ 60 ALUCHESM = ALUPeeM
C b1 ALN2ee¢M = ALN24EM 62 ALMesE zALD
C 63 NeNI2 =2 NP 64U NU+U2 3 0e¢NO?
€ 65 N2weN) 3 NMDaeN bh NUCwel = J2esl
C
COMMON/PFHFMR Y,  BQfKb), KR(KK), CHibAK)
. (
TUX2TFM
4 TMYITFM/800,
3 FY1sy,0
7 TF(RREINDY) ,NE ,0,0) EX1=TMY®a(BR(TINDX))
15 Ex2=y,0
16 IF(EROINDY) ,FN,A,0) GN Tn 30

DRIVER, 1321

S ac Do N

et o B gt it rteo 0l e dl e g el s A b B Jae L sl L g,




RATE

4 20 EYPNzeCRTINNX) /THX URIVER,13822
: 22 IF(FXP,GT,=70,0) GO TO 25 DRIVER, 1323
26 RATF = 0,0 DRIVER, 1324
2h GN T 100 DRIVER, 1325
27 25 EX2sEXP(EXPN) URIVER,1326
33 10 RATFZARCINDY)*FX|*EXQ DRIVER, 1327
ik IF(TNDX,EQ,10) RATE = AMAX{(),3F=12, AMINI (1 ,E®10, RATE)) CRIVER,1328
47 100 RFTURN DQIVEQ.15?Q
51 END DRIVER,1330
109




£
SOLCYC
SURR(UIITTINE SOLCYCCDAYT) DRIVER,133%y
crc DRIVER, 1332
& SURRIINTTINE SOLCYC COMPUTES TMF SULAR FLUx SRAR, AN INPUY TO DRIVER,1313
c ATMOSU THR(IIGHN COMMION ATMOUP, BASFD UN AN ASSUMED SINUSNINDAL DRIVER,1334
3 (o fle¥R (N gO{RaDAY) VARTATION, WITH THE MAXIMUM yvalilE OF 290 DRIVER, 1335
5 FMR SRAR, ASSNCTATED WITH CIKAesS MODEL 9, NCCURRING ON DRIVER, 1336
C 1958 JUNE 1, THE MINTMUM vALUE OF &5 FOR SRAR 15 ASSNCTATEN ORIVER,1337
(= WITH CIRA®gS MUDEL 1, DRIVER,1338
[ DRIVER,1339
3 (s INPUT PARAMFTER DRIVER,1340
3 C DAYJ w JULTAN DAY NUMBFK (A WALF INTFGER) AT 0 HRS uT DRIVER, 1341
¢ UN THF DAY OF INTFREST, URIVER, 1842
cec DRIVFR, 1343
(v JUTPUYT PARAMETER ORIVER, 1344
(= SHAR w AVERAGE 10,7«CM SNLAR FLUX, 1,0F=?22 w/(Max2 HZ), OVRIVER,1345
C SRAR TS AN INPUT TU ATMNSI THRUUGH CUMMIIN ATMNUP, ORJVER,13u6
cce VRIVER, 1347
COMMUN/ZATMQOUP/  H| ,SRAK, IDURN,PP, KA, TT,SN]I(16),HRNN,FEHSEN ORIVER, 1348
CEeE URIVER, 1349
C NEFINTTTION NF DATA ORIVER,13850
& DJRARNL » JULTAN DAY NUMBFR UN 1958 JUNE | = 243kK355,5 DRIVER,1351
DATA DISRNK / 2436355,5 / DRIVER, 1357
3 DATA PT / 3,141592653590 / DRIVER,1353
([ DRIVER 1354
P12 = P2,%P] DRIVER,13585
4 SRAR = 157,58 ¢ Q92,54CNS( (DAYJ=DjSB06Y%P[2/4018, ) URIVER, 1356
14 RFTUIRN DRIVER, 1357
15 END DRIVER, 135K
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SOLORB

(2] o
o a

-~
o

S
o

SUBRDUTINEG SHULORKEYRF 1, VEDI, DAY, SULLATY,SOLL ON)

SURR)IUTINF S)LORR COMPUTES THF NURTN LATITUNE SHOLLAY AND
EAST LONGTYUDE SOLLON UF THF APPARENT (ACTUAL MOTTUN)

SUKS JLAR PNTINT, GIVFEN THE JULTAN DAY NUMBFH AT (0 HKS LT ON
JANIIARY | (F THF YEAR (OF INTEREST (YRFJ), THE JuULTAN NPATE AT
AHICH VFRNAL FEQUINOXY OCCURS (VEQJY, TWRE JULTAN DAy NUMBEK AT
0 MRS ON THF DAY NF INTFKFST (DAY ), AND THE NTVFRSAL

TIME (UT)Y,

INPIIT PAKAMFTERS

YRFJ w JULTAN DAY NUMBER (4 HALF INTEGFR)Y AT (O ®RS UY ON
JANUARY | UF TWF YEAW (OF TINTEREST,
VENS = JULTAN DATE FOR VERNAL FOUINUX,
DAYJ « JULTAN DAY NUMRSER (A WALF INTEGER) AT 0 WRS UT
UN THE DAY Db INTFREST,
Y = UNTVERSAL TIME (NDECIMAL HKS),

(MITPUT PARAMETERS

GAT o GREENWICH APPARFNT TIMp (DECIMAL HKS),
GAT 1S PLACFD IN CUMMNN TTIME,
SILLAT « NORTH LATITUDE OF SUBSOLAR PQINT (KADTANS),
SULLNN = EAST LONGTTUDE OF SUBSQLAR POTNT (RADTANS),

DFFINTTTIUNS ANN COMMENTS

UTDP4d 1S TwWF NDECIMAL FRACTION UF DAY CURRFSPUNDING Y0 uT,
DAY.IUT 18 THE JULTAN (DFCIMALY DAY NUMBER AT UUT KRS (N THFE
DAY NF INTEREST,

DAYNU I8 TwF NUMBFK (IF FLAPSEND (DFCTMAL) DAYS SInCE THE
REGINNING (IF THE YEAR AT 0 HRS UT ON JANUARY 1§,

THE QUANTTTY (DAYJUT ® AINTIDAYJUT))Y, THE WEST LUONGITUDE DF
THE SUASOL A% PUINT FxPKESSED AS A DECIMAL FRACTTION NF 2e¢PT
RADTANS, 1S SURTRACTED FROM | 10 ORTAIN THE FRACTTYUNAL FAST
LONRITUNE, THE FTYRST Twi) EXPRESSTONS FOR SOLLUN ARE THE FAST
LONGITUNE NF THE SURSOLAK PNINT UF THE (FICTITINUS) MFAN SUN,
IT 18 PNSSIALF Ty MAKF AN APPRUXIMATE CORRECTIUN FUR THF
DYFFERENCF AR TWEEN THE APPARENT (ACTUAL MNTTIOUN) SNLAR TIMF
AND THWE MEAN SOLAR TIME, KNNWN AS THE EAQUATTUN®NFeTTIME (SEE,
FEoGes AMERICAN PRACTICAL NAVIGATUR (URIGINALLY RY N,
BOWNITCH), 1,5, NAVY H N PUB, NU, 9, P, 375, UF 19&2
CNRRECTFD RFPRINT ENDITINN, AVAJLARLF FROM U,S, GOV, PRINTIAG
UFETCFY, IN THE (1,8 A, (IN CONTRAST TU GREAT BRITATNY THE
STLN NF THF FAUATTUNOF«TTME TS CONSIDEREN PIISITIVE IF TwF
TIMF OF THE MFRINTAN TWANSIT RY THE SIIN [S FARLTER THAN 1200
HRS AND NFGATIVE TF LATER THAN 1200 MRS, (NOTE THAT &
MERTNTAN TRANSIT REFORE 1200 WRS PORKFSPUNDS TO TWE EAST
LONGITUNE NF THE SUN BETING SMALLER THAN THE VALUE EBEXPFCTEN
BASF) ON A MEAN SUN,) ANNUAL EDLITINNS UF THE NAUTICAL

URIVER, 1359
DRIVER,1560
DRIVER, 1361
URIVER,13K2
DRIVER,1363
URIVER, 1364
ORIVER, 1365
URIVER 13846
DRIVER, 1347
URIVER,13A8
URIVER, 1349
ORIVER,1370
DRIVFR,1371
DRIVER, 1372
DRIVER,1373
DRIVER, 1374
DRIVER,1375
DRIVER,1476
DRIVER,1377
VRIVER,1378
ORIVER,1379
DRIVER,13R0
DRIVEWR,13RY
ORIVER,13R2
ORIVER,13R3
ORIVER,13R4
DRIVE®, 13RS
URIVER,13Rs
DRIVER,13R7
DRIVER,13R8
URIVER,13RG
VRIVER,1390
DRIVER,139¢
URIVER,130Qp
DRIVER,139%3
DRIVER, 1394
DRIVER, 1395
URIVER, 1396
DRIVER,1397
DRIVER, 1398
DFIVER, 1309
LRIVER, 140y
DRIVER 1401
DRIVER,1une
DRIVER ,1ungy
ORIVER ,VYunu
DRIVER,140%
DRIVER,t4Ns

ALMANAC PRINR TN 1962 TARULATED VALUES OF THE EQUATTION=(FeTIMEDRIVER 14NY?

AT 12eHR TNTERVALS,
e«TIME CNULD BE ADNEN TO THE GREENWICH MFAN TIME (NR UNIVERSAL
TIME) TN NRYAIN THE GREFNWICH APPAKFNT (UR ACTUAL MNOTTION)
TIMF, MEWER ANNUAL EDITIONS NF THE AMERICAN FRHEMERIS AND
NAUTICAL AUMANAC NR THE ASTRONUMICAL FPHEMERIS DU NOT EVEN
EXPLICITLY REFER YU THE TERM FUUAT[NNeUFaT[ME, INSTEAD, F(R
MERTDTAN TRANSITS AND UTHFR PHENUMENA THAT DEPEND UN WL K

THFSF TARULATEN VALUFS UF THF FUIATIONJFORIVER 14NA

DRIVER,14NQ
DRIVER, 1410
VRIVER 141y
URIVER 1412
URIVER, 141}
VRIVER, 144




| B

13

AMGIL ES AND RFOGRAPHIC LOCATTUN, THE NFwER EDITINNS REFER NUT
TN THE GREENWICH MERIDIAN AND O UNTVERSAL TIME BUT YO A
MERTODTAN 1, 00273%R*«(DELTA T) EAST NF THE GFUGRAPHIC MERINDIAN
OF GRFENWTICH (KNOWN AS THF FPHEMERTS MERINIANY AND T
EPHFMFRTS TIMF, THF SUOLAR FPHEMERIS TRANSIT, wWHICH [S THF
EPHEMFRTS TIMF AY THE INSTANT UF SOLAR TRANSIT ACRUSS THE
EPHFMFRTIS MFRTOTAN, TS TAaRULATED AT {=DAY INTFRVALS [N THF

THE SOLAR pPHEMFRTS TRANSIT FRUM (2 MR N MIN 0N SEC AS &
CANVEMIFNT APPROXTIMATION T THE NFEGATTVE VALUF 0OF THE
EQUATTONUFeTIME TN PARTICULAR, wF HAVE USED VALUFS OF THE

AND NAUTICAL ALMANAC, AND FITTED NUR ADOPTED VALUFS (F THF
WFAK DEPENDFNCE OF THE FQUATINN®UF=TIME ON THF YEAR OF
INTERFST, LOWENIS FITTFD EXPRESSTUN FUR THE FQUATINNe(OF «TIME

IS GIVEN Ry

EAT = 0,3R5175+C(IS(F) o 3,14612592CNS(FQ)
w 7,392A38xSIN(F) e 9,536R2S28[N(F2) , MIN

WHERE
F o= RADDAYA (DAY JeYRFJ)
F2 = en*‘
RANDAY = 2,%P]1 /365,25 RAD]JANS PER DAY
s 0,017202423R ,

TN CONVERY FRNM MINUTES (UF TIME TN RADIANS OF LONGITUDE wF
MUSTY ML TIPLY EGY BY
RANMIN = P2, %P1 /1440 RAD[ANS PER MINUTE
= 0,004363323813
THUS, THE FASY LUONGTITUDF (RADTANS)Y OF THE APPARFENT SUN TS
SHLON = SOLLNN=RADMIN*EDT
THE NORTH LATITUDF (RADTANS) NF THE APPARENT SUN 1§
SOLLAT = SLATMY#SIN( (PDaAYJUTeVFQJ)*RADNAY
WHERE THE MAXTMUM VAL UE OF THF SULAR LATITUDE IS
SLATMY = 0,u0Q123 RANIANS ,

-
o

CNMMON/TIME/  1YRS,IMNNS,TDAYS,ZT,PLAT, P AN,UT,GAT

GCC
| % DFFINTTTUNS NF NDATA AND CIINSTANTS
7 Pl =2 3,141892653599
C Pl2 = Eo'pl
€ HADDAY = PT12/3A5,25 RADIANSG PER DAY In A JULTAN YEAR
€ =z 0,017202uU23R
C RAPMIN = PT12/714d0 RANIANS PER MINUTE IN A DAY
C = 0,00436332313
€ SLATMX 3 MAXTMUM VALIIE F SULLAR LATITUDE
[ = 0,40Q9123 RANIANS
(#{od «
DATA  PY,SLATMx / 8,10159265359n, 0,406123 /
({4

Ple = 2,*P]

RADNDAY = PID2/34%,2S
RANDMIN =2 PID/V4u0,
WYL 3 UT/ 24,

112

URIVER, 1415
DRIVER 1418
CRIVER, 1417
URIVER, t14t#
ODRIVER, 1419
DRIVER, 1420
DRIVER, 1421

NFWFR ENITINONS, WE HAVF ADOPTYED THF DEPARTURF 0OF TWE VALIE UFORIVER, 1422

DRIVER, 1423
ORIVER, 142U
LDRIVER, 1425

SOLAR FPHFMEKRTS TRANSTIT FOR 1974 TARULATED TN THE 1974 EDTTTIUNDRIVER, 142e
(0F FITHFER THE ASTRUNUIMICAL FPHEMERIS NK THE AMERICAN FPHEMERISORIVER 1427

DRIVER,1428

EAUATTUNSNE=TIME RY A FOURSTFRM FAURIER SEKTES, WE IGNORF THEORIVER, 1429

CRIVER,143%0
DRIVER,14%}
ORIVER, 1432
UDRIVER, 1413
DRIVER, 1434
DRIVER, 1435
DRIVER,14d3e
ORIVER,1437
DRIVER, 1418
ORIVER, 1430
ORIVER 1ud0
DRIVER, 144y
DRIVER ,1uup
ORIVER,14udyd
DRIVER, 1444
VDRIVER,,14dS
DRIVER,1dde
URIVER, 1447
DRIVER,14UB
URIVER, 1449
ORIVER,1450
URIVER,1dS}
DRIVER, 1452
URIVER,14SYy
DRIVER,14S4
DRIVER,14SS
DRIVER,14Se
DRIVER, 1487
DRIVER,1uSA
UDRIVER,1459
DRIVER,146Q
DRIVER, 1461
ORIVER,1uk?
URIVER,14bk3
DRIVER,14hy
DRIVER,1465
DRIVER,tUbs
ORIVER 1uRTY
DRIVER,1u4bB
DRIVER,14AkS
DRIVER,14T0




DAYJUT 3 PAYJ ¢ UTD24

NAYNI) 3 DAYIUT e YRFJ

SOLLUN =3 PI2#(1,0eDAYJUTAINT( DAYJUT ))

IFC SOLLON,LT,0,0 ) SULLON = SOLLUNePI?

F = RADDAY2NAYNN

F?2 = PovF

ENT = 0,3R51754C0OS(F) o 3,146125+CUS(F2)
® 7,3926352SIN(F) » 9,5%6R25xSIN(FQ)

GAT = UT ¢ FuT/k0,

SOLLUN = SOLLON = RADMIN#EGT

SOLLAY = SLATMx*SIN( (DAYJUTeVEQJ)*RADDAY )

RFTIIRN
END

113

DRIVER, 147}
DRIVER,14T2
DRIVER,147}
DRIVER, 1474
ORIVER,1475
DRIVER,147e
DRIVER,1477
VRIVER,1478
URIVER,1479
DRIVER,14R0
UDRIVER,14RY
DRIVER,14B2
ORIVER,14R3

.
1




-
10
17
20
FL)
3
34
38
VR
4?2

4
qu
uhk

S4
57
R
6l
w7

79
e

T4

15

74
1040
118
17
127
128
127
137
fun

1un
1ak

194
155

SOLVE

SURROIITINE SO vk (4, X, N

-
o

Ty PRIGRAMMING AND COMPUTING BY JaMes T,
INCoeyw PAGLES ARe9Q) 196 5

-
=

INPIUT PARAMETFRS

ENUATYIONS
Ni) @ THE NIIMBER NF EQUATTUNS

-~
o

NITPUT PARAMETERS

OcaaMOeOOOaOnOIoOm O Oofm,

-~
-

NIMENS TN
KNhi) = NMNe
DN 150 T=1,NN
DN 140 J:1'«Nn
REI,J0) & &(%,J)
180 CNNTINYF
DN 10 ML ,NN
LNCIMY = 0
10 NwlMY = 0,0
NP =2 N(I¢}
0N 100 T=1,NQ
1P = T+t
CoemeeeF IND MAY FLFMFNT IN JeTH CUL,
AMAY = 0,0
nn 2 k=1 ,NMN
JF(AMAX = ARSC A(X,T)Y)) 3,2,0
Coweee]S NEgwWw MaY TN ROw PREVIOUSLY USFD AS PIVUT,
3 O1F(ROW(K)) U,4,?
¢ LPECLY = Kk
AMAY = AMS( aAlk,T))
2 CONTINUF
IF(AMAX) 99,99,0R
CovemaMAX ELEMENT TN TaTwW COL IS ACL,T)
o8 L = LOCCD)
HOWlLY = 1.0
(ememePERF(IRM F| TMIMATION, | 1S PIVAT kOw, A(L,T)
NN 50 J:l’uﬁ
1F(lL=J) K,50,K
n HF = «ACd,IY/A(C1,T)
0N 4o K=[P,NP
AlCJonm)Y = A(T, KYeUFRA(L ,X)
40 CONTINUFE
a0 COANTINUF
160 CONTINUF
nn 206 T=91,ND
L = LCCD)
N0 xf1) 3 A(L,NNe1)I/A(L,T)
¢ ARTTECHh,108Y (1, X(IY,Tzs1,N0)
L 1A% BNRMAT (U(TR,2x,F15,R))
HE TN
09 wRITE(K,104)
1Ad FORMATY (SX,0 7k M) UNINLIE SO TN EXIRTSD
WE TR
END

A(2n,21)s R(P0s21), X(20), NL(20),

SHURROITTINE S vF, CALLED FROM SIIRHUTINE FITTEK,
DF NG STMULTANEDNS LINEAR ALGFBRATC EQUATTUNS HY
GAUSS= JNRNDAN METHND w#TTHW MaxTMyM PIVOT FEATURF,

GALNEN,

X(K) o THE |FAST®=SNUARFS FTIT CNEFFTCTENTS

SOLVFS A ST
HSTNE

(SEF, FNRYRAN
PRENTICFeHALL,

A(T,1) « MATRIXY NF CNONSTANT CUFFFICIENTS IN SEY CONTAINING
THE NUMRER Ni) STMLTANENUS LINEAR Al GFHBRATC

Ruw(20)

{18 PIVUT ELFMENT,

URIVER,1uWRY
URIVER,14RS
DRIVER,14Rp
DRIVER 1URY
URIVER,14RR
DRIVER,14R9
DRIVER 1490
DRIVER,149
DRIVER, 1492
URIVER, 1493
UR[VFR, 149y
DRIVER,149sS
ORIVER, 1498
DRIVER, 1497
DRIVER,1409R
DRIVER,1499
DRIVER,1509
VRIVER 1501
DRIVER,1502
DRIVER,1503
DRIVER,1504
DRIVER, 1505
ORIVER,1506
DRIVER 1507
DRIVER,1508
DRIVER,1509
DRIVER,151Q
CRIVER, 1511
DRIVER,1512
DRIVER,1513
DRIVER,1S514
DRIVER,151%
VRIVER,1516
URIVER,1517
ORIVER,1518
DRIVER,1519
URIVER 1520
DRIVER,1521
URIVER,15822
DRIVER,1523
DRIVER,1524
DRIVER, 1525
DRIVER, 1526
DRIVER 1527
DPIVER,152R
DRIVER, 1529
ODRIVER,15%)
DRIVER, 151}
URIVER, 1853,
ORIVER,1538
DRIVER 1534
DRIVER L1535
URIVER, 1538
URIVER 187
URIVER,153R
DRIVER 1519
VRIVER 1540
URIVER 150
UkRIVER 1502
URIVER 184}
DRIVER ,15u4




27
3n
34
3in
37
u?
Uk
¢

SOLZEN

SUMRIIITTINE QM 2ENCSIILE AT, Sl LN

cre
C SR OMTINE S 2FN (OMPUTES T ISCML, ToF (T SINE F THF 2EM 1 Th
C ANGIF (IF TWF SN AT A POINT P, GIVES ThHE GENGRAPKTIC ADRTH
C LATTITUNRFE PLAT AND ¢t ASY 1 ONGTITHOF PLON UF THE PUTINT P AND THF
L NORTS LATTTHNE St L AT AND EAST LUNGTITHDE SULLON UF TrE
C SRS 1L AR PLHTINT,  ThF DNAVellReNTLHT PAxAMETFR INURN 1S 1 FUR
C YAYTIME ., T Foa TECCNSOHT (GE 40,0, AND TS 1 FUP NIAWTTIME,
¢ Lebae IF(COISCHTILLY,,0,0), THE LOCAL APPARENT T[Mp ML
c 1S ALS) COMPUTEN FROM THE GREFNWICH APHARFAT TIME GAT AND THE
C LONGITUDE FLUN,
CCE
C JNPUT PARAMETFKS
€ PLAT o NORTH | ATTTUDFE 0OF ROINT P (KADJANS)
C PION @« FAST | ONGITHDFE OF POYINT P (RAN]ANS)
C S LAT w NOKTH LATTTUDE (IF SUBSHLAR PUTNT (KADTANS)
(# SILLMN w EAST | NGTTIIDE (1F SiIBS()LAR POTINT (KADTANS)
(o 2
€ TP T DARAME T RS
C INIAN o PARAMFTFR FOR DAY UK NIGHT, TF COSCHY TS
C THE €NSTnk NF THE ZFNTTH ANGLF OF THE S!IN AT
C POINY P, TIDNRN 15 | FNR DAYTIME, T,.F,,
(% TF(CHRCHT4GF,0,0), AND TS ei FUR NIGHTTTMF,
C Tobos 1F(CUSCHT L Te040) , IDNKN TS AN INPUT TN
C ATMOSH THRUNIGH CUMMON ATMAOUP,
L HL e LNCAL APPAWKFNT TIME (DprIMAl WKS, E,G, 22%0 HRS
C dFLOMES 22,50 HRSY, HL IS AN INPUT 1A ATMQSU
C THROUAKH COMMEIIN ATMOUPR
[l
COMMONZATMIIIP/ WL g SRAR, IDURN,PP,PRO, TT,SNI(1R),HRHN,FERSEN
CNMMONZT[ME Y/ TYRS,TMONS, TNAYS, 21 ,PLAY,PLON,UT,GATY
NDATA DT /7 3,141592A5%6590 /
[ o
@ THE FOLLOWING FORMUL A IS RASED ON EQ, (1,41) NE INANNSPHRERTC
c ~ADT ) PROFAGATION KY Ko DAVTES, NARS MONNGRAPH AN, 1945
€ APRTE {4 1T MAY ALSI F DERTVED Ry APPLYING THF [ Aw NF
[# COSTINFS FO'R AN (IR [APF SPHERIFAL TRTANGLE,
CEC
CNSCHT = SIN(PLAT) & SIN(SHLAT)
» ¢ COS(PLATY & rGSCSHLLAT) #» CUS(PLON=SOLLUN)

{PURN =

TFC CNSENT, L T,0n,0 ) TRORN =2 e«INORN
P12 = 2.,%P1

RALDMR = PT/Y72,

Ml = GAT e (PToap|(IMN)/kaADHK

IFC i ,LT 0,0 ) HL £ Ml 424,

RE TN

[l

DRIVER, 1548
DHIVER 15Un
URIVER 1547
URIVER,IS5ULR
URIVER 1549
LRIVER,15%0
URIVER 1581
URLVER,1552
URIVFER,158%
URIVER, 1554
URIVER, 15585
URIVER, 1556
DRIVER, 1587
URIVER,1558
URIVER, 1559
URIVER, 1564
DRIVER, 1561
DRIVER, 15K
DRIVER ,156%
UHIVEH.‘SHH
DRIVER, 1565
DRIVER,154K8
URIVER,1547
DRIVER(15hA
DRIVFR 1569
URIVER,157¢
URJVER,157y
DRIVER,1572
URIVER,1573
DRIVFER 1574
URJVER 1878
DRIVER,157¢
ORIVER,1S77
OCRIVER,1578
UR[VER,1579
URIVER,15R0
DRIVER, 158}
DRIVER,15R2
DRIVER 18R}
DRIVER,15Ry
DRIVER,1SRS
DRIVER,15Rs
ORIVER, 1587
DRIVER,15R8
DRIVER,15R9
DRIVER,1590
DRIVER,1591
U“IV&9,15°2




SPCMIN

SURROUTINF SPCMINIKK , 71H) DRIVER, 1593

UUTPUY PARAMETERS
ATMNUP cOMMON
SNIC 7) e N

SNI( R) «
SNI(1Y) e
SNI(1d) =
SNI(15) =

ALTODN COMMNON

N
02(8n6G)
o3

N2
SNI(16) e« H20

DENSITY, 1/CMun}
DENSITY, 1/CMae}
DENSITY, 1/CMxx3
ODENSITY, 1/(CMww]
DENSITY, 1/CMxx}
NDENSTITY, 1/CMwx}

CE ORIVER,15094
THE HIGHeA| TITUNDE C(HEMISTRY MNDULF REQUIRFS THE MTINNK NFUTKAL DRIVER,159%
SPECLIES 0O, €02, N, AND N0, PRUFILES FUR NAY ANND NIGHY AT ALL DRIVER,159%
ALTITUDFS ARE PROVIDED FOR N aAND €cU? IN aATMOSU, HERE 1IN VRIVER,1597
SPCMIN wgE PROVINDE PROFILES NE N aNp NO, DRIVER,1598
THE LOweal TTTIUDE CHEMISTRY MUDULE RFUUIRES, [N ADDITINN 10 0, DRIVER,1599
CN2, N, aND ND, THE MINNR NEUTKAL SPECIES H2i), N2CSTINALEFT URIVER, 1600
DELTA G), 0%, AND NO2, ALSD PRUVINED RY SPCMIN, DRIVER, 1601

INPIHT PARAMFTERS DRIVER, 1802
ARGUMENT L 1ST URIVER,1603
KK = CALCULATION FLAG VRIVER,1604

2 |, CALCULATF INTTIALI7ATION PARAMETERS DRIVER,1608

2 2y CALCULATE ATMUSPHERIC PROPERTIFES URIVER,1606

TH = ALTITUDE OF INTERESY (kM) URIVER, 1807

ATMNUP COMMNAN URIVER 1608
IPNRAN e [NDEX FOK DAY DR NIGHT DRIVER,1609

s ¢1, DAY URIVER,18610

= w1, NIGHT UDRIVER, 1611

ALYODN COMMNON DRIVER, 1612
S122N DRIVER,1613

DRIVER 1614
DRIVER,1615
DRIVER,1616
VRIVER, 1617
URIVER, 1618
URIVER, 1619
DRIVER, 1620
DRIVER, 1621
DRIVER,1822

OO0 OO OO OO0 OO0 OOnN OO0 n

NALTOD » NIUMBER OF ALTITIDFS AY WHICH THF DAYTIMF DRIVER,1623

QeVALIES ARF SPFCTFTED AS DATA DRIVER, 1624

ALTKM(U4T) @ THE AL TTTUOES AT WwHICH MINUR SPFCTES ARF LRIVER, 1625
SPECIFIED AS DATA VDRIVER, 1626

NDAY(27) e THE DAYTIME NwyALIIES SPFCIFIED &S DATA DRIVER, 1627

ONITEC(1R) @ THE NTGHTTIME QevALIIES SPECTIFTED AS DATA DRIVER,1628

CN2(28) w THE CNP2evALIIES SPFCTIFTIED AS DATA DRIVER,1629

cc DRIVER,!16%0

DITMENSTINN  AAC13),BR(13),CCC13),ANUNIT(18),ANDAY(U4T7),ANNITE(UT)
DIMENSINAN  N28NDAEDIUT),02SPLN(LATY,NINAY(2T7),03NIT(27),DDC11)
DYMENSTINON  Y(6),Z(6),FEC10),UN3(6),VUI(6),wO3(0)
DIMENSINN  H20DN(25),66(13),ANODAY(45)
DIMENSINN AC20,21),X(9),ZINNNIR),ANONZT(B),2IM2NU(8)
DYMENSINN  SNN2N(33),3N02N(33) ,HH(13) URIVER,16%s
CAMMON/ZATMOIIP/  HL ,SBAK, IDURN,PP,RHN, TT,SNI(16),HRHN,FENSFQ URIVER, 1637
COMMONJALTONNZ  NALTON, ALTKM(ATY,NDAY(27),UNTTYE(1R),812Z2N,CN2(25) URIVER,1638
CAMMON/ZHERF X/ ZHFLAG DRIVER, 1639
GCE DRIVER,164Q
DATA  WNDPEGNN / 12 /, NDFGND,NDEGNN / R, 6 / DRIVER,164}
DATA  NALTYOD,NALIND 7 27,25 /, NALTND,NALTNN / 39,30 / VDRIVER, 1642
DATA  NPGDED,NALTN2 / 10,11 / DRIVER, 1643
DATA  NDGH20,NkMH2U / 12,25 / DRIVER, 1644
DATA  NDGNQOD,NKMNNR / 12,33 / DRIVER, 1648

DRIVER, 1611
DRIVER,1612
DRIVER,1613
DRIVER,1634
DRIVER, 1635

DATA  (ALTRM(T),I121447) 7/ N,05,5104095.0204025,+30,435,9U0,,45,» DRIVER 16Ub
* 50,055,060,,65,070,575,,80,,85,,90,,95, URIVER, 1647
* 100,908 ,,110,0115,012040125,013040135,0140,9145,,150,,155,,

DRIVER,16uUB




aNalael

o

* lhonp‘°§|0170|'175.,1A0|1185|;19011’QS.;EOO-'?05.;210.;215|l

*  2204,225.42%0.
BFM VALIIES

/
11709774

DATA (NDAYCT),T=1,27) /

* % » »

$,76410 7/

BFM VALIIES
DATA  (ONTTE(1Y,121,1R) /

BFM VALIIES
DATA (CU2(T),121,2%)

*

02722775

12/07/714

FOR N nav
1,0Fe03,6,2F¢03,2,2E404,1,9F¢05,1,0F+06,
T,0F406,4,5FenT7,2,6F+08,9 BF+N8,2,9F+09,

6, TF409,1 ,3Fe10,2,4F¢10s3 1F410,2,8F¢10,4,5€¢10,7,1F+10,1,1E¢11,
1a7F 11 ,0,6Fe11,4d,3Fe1 1,3, 3E¢11,2,0F411,1,3F¢11,6,3F+10,4,4F+10,

FOR O NIGHT

13‘1.‘; 2'0.0' “.90&000,
3.,00FE+10, 9,00E¢1Q /

FOR CNe

/ 21%0,0, 1,30E409,4,R0FE+08,1,70E4QR,

5.,05E407 /

THE CN2 VAILUES AT ALTITUDES FRUM a,0 TU {NQ, KM ARE KFSFEY
IM SURROUTINE ATMNSI BY USING A CNNSTANT MIXINGeRATT( UF

3.,20E=04
BFM VALUES

04/08778

NATA  (ANODAY(I),T=1,25)

LN I 3

V4/05/775

DATA  (ANONTY(Y1),121,18)

*
* 4,00FeNT /

BRFM VALIIES

nu/12778

FOR  NU DAy
/ 1 ,00F¥10,3,40E409,1,30F+03,5,BNE+0R,
7.,00Fe08,1,75E409,2,10E¢09,1,75£+409,

1,25F¢N9,8 R0E+40R,5,10E+408,3,00E408,4,40F+08,5,50L+07,3,70F¢07,
3,30F+N7,3,50F+07,06,008407,4,80E407,5,80F+07,6,30E407,5,70F+07,
4,40F4N07,3 606407,3%,00F«07 /

BFM VALIUES

FAR  NU NIGHT
/ 11%1,00Fen0,1,00E804,1,00F ¢ns,
8,30E406,1,65E407,2,50E+07,3,30E407,

FOR N DAY

DATA  (ANDAY(T),I=z1,47) / 9«1 ,00E400,1,00E+01,1,00E402,5,N0F«02,

- % & » »

nus12/1%

1 ROF#N3,7 ,UNE+0%,2 10E+04,5,20E404,1,10F+05,2,20E405,3,70E4+05,
R UDF NS, ,0NESOk, ) 30F+06,2,0NE«06,2,70F¢06,3,40E+0h,4, 30F+06,
G,OOFOOQ,S.QOF006,6.905005.7,005oﬂb,7.§0E005,7,905005,3.1oane,
R,30F¢N6,R, UNF+0h,R S0F+06,B,50E+0h,R U0F+06,8,30E40K,8,20F+06,
R, 10F+06,8,00p+06,7 BOF+06,7,50E+0h,7,30FE+06,7,10E¢06,6,R0FE406 /
BFM VALLUIES

FOR N NIGHTY

DATA  (ANNITEC(T),T131,47) /1821 ,00E400,1,20F¢01,1,20E¢02,7,00FE¢02,
* 3 10F+03,1 ,10F«04,3 N0Fe04d,7,30E604,1 ,60FeN05,3,00E+05,0,00E+0S,
* U ROF4N5,5,60F40S, 5k, 30F+05,6,80E405,7,20E+05,7,50E+05,7 ,80F+05,
* 7,90F405,7,90F405,7 ROF+05,7,706405,7,50F405,7,20E405,6,90F+NS,
* A hOF NS, 30F405,6 00F405,5,60E405,5,10F¢05 /

KFM VALIIES

01704775

YATA  (N28SDGDCIY,I31,47)

L

V1/04/75

FOR  N2(SNGY DAY
/ 2.60F 06,4 UNE*06,2,TO0FNT, 1 2KE+0R,
U,90F+n8,1,25E+09,2,T0E+09,9,00E+09,

1oROF$10,2,70F+19,3,50E¢10,2,10E+10,1,50F+10,1,00E+1n,&6,10F¢009,
‘c,WF’ﬁQaegan‘noll,hO“oqll.SHE‘ool‘.006‘08-5.60t‘07lu|‘n"hbl
heP20Fe05, 1, 00F+08,1 H0F+0d,3,30E403,7,10E+02,2,60E+0241,00F¢n2,
U, TOFeN1,2, 30k 401 ,1,20E40],1S5a6,10 /

HFM VALLIES

FOR  N2ISNGY  NIGHT

DATA  (N2SDHANCTY,T=1,07) / 15%3,40,5,80F¢02,1,00E¢05,R,60F¢0NT7,

2,00F408,1 ,u0E+0R,5,60F407,4,30E¢04,

* A P0F4NS, 1 0NES0S, 1 L U0Fe0Ud,3,30E408,7,10E402,2,60E402,1,00E+02,
* U, T0FeN1,2,308401,1,20F401,18a86,10 7/

BFM VALIIES
NATA  (N3DAY(TY, 121,27 /

*

01/1R/78

FNR NS DAYy
R,OE*®11,S,Te*31,1,1E412,2,5E+12,
U,Rtol).U.KEOIQ.?,Gttl?.1.UEOI?.

. BetES1Y,2,08¢11,6,7E410,2,08¢10,7,4E409,2,1L¢09,5,SE+0R,

DRIVER, 1649
DRIVER,1650
DRIVER,1651
VDRIVER,1652
DRIVER, 1653
DRIVER, 1654
DRIVER, 1655
DRIVER,1656
URIVER 1687
DRIVER, 1658
ORIVER, 16589
URIVER, 1660
DRIVER 1661
URIVER,teh?
ODRIVER, 1663
DRIVER,16h4
DRIVER 1665
DRIVER, 1666
DRIVER, 1667
DRIVER, 1668
DRIVER, 1669
DRIVER,1670
DRIVER,1671
DRIVER,1672
DRIVER,1673
URIVER, 1674
DRIVER,1675
DRIVER,1676
ORIVER,1677
DRIVER, 1678
UDRIVER,18679
DRIVER,16R(
DRIVER,16R1
DRIVER, 1682
ORIVER,16R3
DRIVER,16AY4
DRIVER,168%
URIVER, 18Rs
DRIVER,16R7
DRIVER,16R#
ORIVER,16R9
DRIVER, 1690
DRIVER,169}
DRIVER, 1692
DRIVER, 1693
ORIVER, 1694
DRIVER, 1695
ORIVER, 1698
DRIVER,1697
URIVER,1698
DRIVER,1699
uﬂlvgﬂ.\?ﬂo
DRIVER,170]
DRIVFR,1702
DRIVER,1703
U“Ivtg.‘7“q




. 1,3E¢0R, 8 RE40T,( PF+0R, 3 0E+0T,2,0E+06,2,5t405,%,4ke04, ORIVER,170S

- Z3.TE#03,3,RE402,4,26401,7,36400,0,0 / DRIVER,1706
C RFM VALIIES 01718775 FOR N3 NIGHT DRIVER,1707
DATA  (NINTY(T),121,27) s R,OB®11,5,7E¢11,1,1E+12,2,5¢k¢12, URJVER,1708
* U,RE$12,4,3E¢12,2,5E¢12,1,4k¢172, ODRIVER,1709
* Ao lF*11,2,0E¢11,A TE10,2,0F+10,1,3E410,1,2E+10,4,5Een0, URIVER,1710
* ToTESOR, A TE®0T S, RE4QR, 1, TE$QRI 24 TE+0T7,2,7E%0h6,2,9E405, DRIVER, 1711
* U,NE+0U, T See03,1 ,9E¢402,2 ,4E401,2,RE400 /7 UDRIVER, 1712
L KFM VALUES 08710775 FOR N2 DRIVER,1713
DATA  (H2NDN(TY,I21425) /7 1,9FE417,2,1E¢16,6,0E414,1,2E+1%, ORIVER, 1714
* S, 2FE*1208,28412,1,2E¢12,6,2E411, URIVER,1715
* UgBES11,2,1F¢11,8,4b410,3,66410,1,TE+10,9,2E409,4d,4E+09, URIVER, 1716
* 1 RE+09,hA,SF+0R,2 AE+0B,d,9E+07,B, Ub+06,1,1E+06,1,3E405, DRIVER 1717
* 2.5F¢0U,B TEenT,3 RE+0Y / ORIVER,1718
C HEM VALUES 02/14775 FOR NU2 DAY DRIVER, 1719 1

DATA  (SNN2D(T),I=1,3%) / 2,506¢10,8,30E409,1 ,40F¢0Q,]1,4nt+09, DRIVER,1720

* 1,B0F+09,2,40F+09,2,50F+19,1,2%€+09, ORIVER, 1721
* JLU0F0R, 7, 10F40T7,7,R0F+06,2,30E+06,7,00E+05,2,60E+05,1,00E+05, DRIVER 1722
* S N0F404d,2,U40F+04,1 ,20E404,6,40E+03,3 U0F+03,] ,80E403,1,10E+03, DRIVER 1723
* A TOF#02,4,30F¢02,2 ,ROE+02,1,90E¢02,1 U0E*+02, ]| ,15E402,9,50F+01, DRIVER, 1724
* R 0QF&N],T,00E401,A,00F401,4,60E401 / DRIVER, 1725
(2 RFM VALUES 02714775 FAR  NU2  NIGHT URIVER 1726

DATA  (SNORN(T)Y,1=1,33) / 3,50F+1041,20E¢10,2,T0F+N9,2,00E¢09, DRIVER,1727

* ?,50Fen9,4 15E409,4,55F+n9,3 0NE+09, DRIVER,1728
* 1 ,A0F+N9,9,20F40R,S5,20E¢08,3,n00F+0R,1 40F+08,5,50E¢07,1,20E07, DRIVER,1729
* "r)oF‘n;,,].nﬂpo»ju,!.?Drbﬂu,b.uﬂfto‘,"U()F’OS.1.8”{001,\.1"JF’(‘S' URIVER, 1730
* A TOFeN2,U4,30F402,2,80F¢02,1,90E+402,1,40F+02,1,156407,9,50F+01, ORIVER,1711
* R . 00E+01,7,00F*01,6,00F«0]1,4,60E401 / DRIVER,1732
cce DRIVER,1733 !
C # o« » ARITHMETIC STATEMENT FUNCTION USED TO CALCULATE NTTRIC NxTDF T~ DRIVER,1734 :
C * « » DAYTIME FNR ALTTTUDES BFELNW t2C, XM, URIVER,17135 w
cre ODRIVER,173s 3
ANDDAF( BA Y 3 FxPCOCACCCCCO(C AACI)aRA & AAC12))#Ry & AA(11))*BADRIVER,1717
* ¢ AAC1N0))I*RQ ¢ AA(Q)Y*RU + AA(R)I®RUL ¢ AA(7))#*RQ DRIVER,17138
. ¢ BACR))#BA ¢ AA(S) )BT ¢ AACQ))*B0 & AAC(3))*RQ DRIVER,1739
. ¢ AACR2))«R0 ¢ aa(y)) DRIVER,174n
cee DRIVER, 1741
C & = » ARTTHMETIC STATEMENT FUNCTION USED Ty CALCULATE ATQUMIC NITRNGEN DRIVER,1742
C » o« « [N DAYTIMF FNR ALTITUDES ABNVF 40, AND BRELUW 250, kM, DRIVER,1743
cre DRIVER, 174y
ANDAR( R ) 3 FExP(O(C(((( RB(Q)Y*Ru ¢ BRB(R)IxRY ¢ RBR(7))«RQ DRIVER,1745 :
* + BR(A)IAAG ¢ HR(S)I«RU + RKA(4))I*RQ ¢ BA(Y)IaRQ DRIVER,174s i
. ¢ BR(2))aRQ ¢ KR(1)) DRIVER,1747 E
cee DRIVER, 1748 1
C # » » ARJTHMETIC STATFMENT FUNCTYION USED T CALCULAYE ATOMIC NITROGEN DRIVER,1749 !
C * » « AT NIGHTTIMF FOR AL TITYUDES FROM B85, kM TU 2%0, kM, DRIVER,115%0
cee ORIVER,1751
ANNAR L R ) 3 pYRO(OCCC CCCYY®nN DLRIVER,1752
. ¢ FCER))IaBN ¢ CC(S))eBN ¢ CCCUAY)enn + CCC3))nR0 DRIVER,1753
. ¢ CC(2))+BN ¢ £C(1)) DRIVFR, 1784
(4 of DRIVER,1755%
C » « &« ARITHMETIC STYATFMENT FUNCTION USED T CALCULATE (U2(1 NPELTYA) ODRIVER,17S6 1
C » « « IN DAYTITME FOR ALTITUDES RELDW 80, kM, DRIVER, 1787
[ f ~ VURIVER,1758
ANPSDF( BO ) = FxP(OCCCOCOCE DDIY1)*BR & DD(1N))I*RW + DN(9))*RQ DRIVER,1759 4
* ¢ NDCARIIRN ¢ NP(T7)I)*30 & NDEBIIERBA & NDR(S) ) #AN DRIVER 1760




232
232

242
2ul
24S
254
257
263

263
264
26k
2758
100
304

104

313
314
LR

120
1.3

C = »
C = »

cec

100

105

110

(ad sl ek stal

o

o

*
*
*

* ARJYHMETIC
« DAYTIME (R

AR2NFF( ¥R )

* ARJTWMET]C
* DAYTIME aAY

AN(I2FF( B8R )

¢ DDCUY)xRN

STATFMENT FUNCTION
NIGHTTIMF FUR ALTITUDES RELUW 120, KM

*
.
+

¢ DNE3))eEN ¢ ND(R2Y)*KA « ND(]))

USED T CALCULATE wATFR FMR

DRIVER, 17K
ODRIVER, 1762
DRIVER, 1763
DRIVER,1764
URIVER,1765

EXPCOCOCOCOCO(C RGE13)eHN ¢ GG(12))*RG ¢ GR(11))*HBAURIVER, 1766

GG(10))Y2BQ * GG(9))*Ry

GRIR)I*RY +

6G6(7))*RQ

GGEA)I*HO *# GGIS))IaBR ¢ GL(4))*#8A ¢ 6G(3)) RO

6G(R2))eHN ¢+ AG(1))

STATEMENTY FUNCTION

2z
+
*
*

FxPCOCOCOCOCECl HREL1Y)enn

KM,

¢ HH(12))#%R(

USED T() CALCULATE NN2 FNR
ALTITUDES BelLUwW 160,

HHCL0)Y2RQ ¢ HH(9))Y*RG ¢ HR(A)I*BRL ¢ HH(T7))Y2RQ
HHIRY)*BO ¢ HN(S))®BA ¢ HH(UW))*BQ + HN(3))*B0

HH(2)) 280 ¢ WH(1))

6N TY (100,200), XK

INITIALTIZATINN,

INIYTALTZATION,

CONTINUF

ALOGTE = ALNGIn!

ExP

a0y )

ATUMIC NITRNGEN PRUFILE PARAMFTEKRS,

IF(C IDURN )

105,110,110

NIGHTTIME N

ZINN £ A[ TKM
Z2NN 3 ALTKM
CALL
ANNT

GN TO 115

(18)
(47

TINN )
72NN )

NDAYTIME N

ZIND = ALTKM
I2ND B A TKM

(9)
47

CALLED FRNM SUBRUUTTNF ATMUSU DURING

FITTERC(NALTNN,ALTKM(18),ANNITE(LR) ,NDEGNN, |
= ANNAF(
ANNZ2 = ANNAF(

CALL FITTER(NALTND,ALTKM(9),ANDAY(9),NDEGND, 1 , 2

ANDZY

CONTINUE

= ANDAF(
ANDZ2 = ANDAF L

7IND )
ToND )

NTTRIFC NxIpF PROFTLE PARAMETERS,

FOR DAYT
IF(2H,LT

XME Nn'l
W 7INDY,

WHERE ZIND =
WHERE THE POLYNAMTAL CUFFFICIFNTS aa(T)

120 «M,

IN THE

T TS

2 CE)

» BB

NU = SNI(B) = ANDDAF (ZH)

ARTTHMETTC

FUNCTYON ANNDAF (ZH) ARE DETFRMINEND RY SUBRUUTINE FITTER,
CALL FITTER(NALTNO,ALTKM,ANNDAY,NNDEGND,

SFT ALTITIDE VARIABLES AT 115,

ZAND 3 AL TkM
ZINN g AL TkM
ZANMY gz AL TKM

(24)
(?2s8)
(?6)

120,

i ¢ 2 » AK)
AND 125 kM,

COMPUTE FTYeRIINCTTON VALUES UF NO AT ALTITUDES
AND ZINNs120 KM,
aNUZe = ANONAF (76NU)
AMOIZ7 ® ANONAF (27N
APPROXIMATE DERIVATIVE 0OF ALOGIND)

nENozZ,

KY ISING

AT ALTTTUDF 77N02120 KM,
THF FITeFUNCTION VALUES AT ALTITIIDFS 26NN=m
115 <M AND Z7NOB1D0 KM,

76N0=1 15 KM

DRIVER,1767
DRIVER, 1768
DRIVER,1769
DRIVER,17T0
DRIVER,17714
DRIVER,1772
DRIVER 1773

¢ HE(11))*8UDRIVER 1774

URIVER,1778
DRIVER,1776
DRIVER,1777
DRIVER,1778
VDRIVER,1779
DRIVER,1780
DRIVER,1781
DRIVER,17R2
DRIVER,178%
DRIVER,1TRY
DRIVER,178S
VDRIVER,17F6
DRIVER,17R7
DRIVER,17R8
VRIVER,17RQ9
DRIVER 1790
DRIVER,179}
VDRIVER,1792
DRIVER,1793
DRIVER, 1794
DRIVER,1795
DRIVER,179s
DRIVER,1797
LRIVER,1798
DRIVER,1799
DRIVER,1800
DRIVER,1801
ORIVER, 1802
DRIVER,1803
DRIVER,1804
DRIVER,1805
ORIVER,1806
DRIVER,1807
DRIVER,1808
ORLIVER, 1809
ORIVER,1810
DRIVER,1811
DRIVER,1812
URIVER,1813
DRIVER 1814
DRIVER,1815
DRIVER,181s

ickicsici
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126

334

337

345

15?2
353
354
356
357
361
370
371
372
371
376
a0k
407
at
413
4.1
ey
dpu
up?
”3”
LR
438
dus
dun
sy
a8

MAAOMOOAOOMOO OO OC MO0 MmN 0,

o

120

125

130

ODUNNTZ = ALNGIANGT

T7ANUZKY /(2 TINN=ZBNDY

SET THE CURF NF THE 10,7«CM SOLAR FLIX SBAK, SBARY,

SRARY = SRARxw#}
PRESCRIRE THE
DLNNBZ, TN RE

DINNB? = 0,06573%S
FNOR LATFR (ISE,

ANUZR 3 ANOZT*EXP(
IF(ZH GF 27NV

SNT(R)zAN)?

DERTVATIVE NF ALUGINGY AT ALTTTUDE 78NUS12S K™,
GIVEN RY

BARY/(SBARZ4S,EQ) w 0,07564 @ (,0270n3%DLNOTZ
CIMPUTE

2¢S*(DLNIITZeDI NOBZ))

JAND, ZH, LT GZBNN), THEN

THEXP(ZHMI2NRNLNUTZ ¢ 0, 1%ZHMI20%42% (DL NOTZw

DLNNBZ)Y)

WHERE ZwWMiponz?
IF(ZH,GF ,Z8NU)
SNI(R)=aNO?
WHERE 2HM128z7
AT NIGHTTIMF,

He 120,

s THEN

BrEXP(ZHM1 28 «DNURZ)Y

Hei2S AND ANOZB=ANUZT*EXP (2,52 (DLNUTZ+DLNIBZ)),
NO NDIFFEKS FROM DAYTIME NO RELUW ALTITUNE ZUNNN

RS XM AND ARBMVE ALTITUNE ZSNONS10Q XM,

IF(7H,LY,Z{NUN
IF(ZH,GF , Z{NON
NUZANONZ? «F
WHERE
ANIINZ 2= ANON
ANONSI=ALNG
IF(ZR,GF ,72NUN
SNT(R)Y={ 0, %
AHERE ZMoNONEZ7
DFTERMINED S0
VALUES FUR ND
ALOGLO(NO)Y T8
THE NIGHTTIME
JINONZALTKM(]1)
IP2NONZALTKM(12)
ANONZISANONTTO1Y)
ZANON = BS,
ANIINZD ® ANONTT(Y2
DN 120 1m32,R
ZINONCT) = BLTKM(T
ANUNZTI(T1) = ANONITY
CONTINUF
ANOINZT (R) = aNONAF
ANUNST = ALNGCANON

Y» WHERE 2{NON=8§0 XM, NOZANONZ{=ANUNITEC11)=1,0,
AND, ZHLT,Z2NUN), AHFRE Z2NUNzBS KM,
XP ((ZHwZ2NON)*ANUNST)

IT(12)=1,Eu
(ANANZ2/ANUNZY) Z(22NON=Z INON)
WAND, ZH LT, 24NUN), WHEKF 74NUNSRS KM,
*SUM(X(T)#ZMNUNA*(QuT)), 131,09
HeZ2NON AND THE NINF COFFFICIENTS x(]Y AwFE
THAY NOT ONLY ALUOGIO(ND) EQUALS THE NIGHTYIME
AT PH355(8)35 KM Byt ALSU THE SLUPE UF
CONTINYOYS AT 55 AND RS KM,
CONSTANTS FOR ALTITUDFS BELOwW 85 kM ARE NOw SET,

)

+10)
(le10)

( ZINONCE) )
ZV(2)/7ANUNZY)/(ZINUN(P)=ZINON)Y

DINN2Z = ANNNSTI®ALOGTF

X(B)Y = DLNNZY
x(9) s ALNGLO(CAND
DN 125 T=3,R
ZTM2NNCT) = 2THONTC
CNNTINUE

LN 130 Y31,k

2712 = ZIM2NQO(142)
6Tty ® TITPkZLL2
DO 130 Jst,6
Al]l,7«J) = Z2172%A(
CONT INUE

ZT1R = ZIMANU(R)
A(7,7) =2 2,%271R
nn 138 J=1,6

NZ2Y

a7 INUN(2)

Kgﬂ-J‘

120

URIVER, 1817
URIVER,1B1A
UFIVER,1819
URIVER, 1820
DRIVER,1821
DRIVER,1822
DRIVER,1823
DRIVER, 1824
URIVER,1828
DRIVER,182s
DRIVER,16827
DRIVER,1828
URIVER,1829
DRIVER,183%0
URIVER 1831
DRIVER, 1832
DRIVER, 1833
DRIVER,1834
DRIVER, 1815
DRIVER,1836
URIVER,181%7
URIVER, 1818
DRIVER,1839
DRIVER, 1840
DRIVER, 184}
DRIVER 1842
DRIVER,1843
DRIVER,18U4
ORIVER, 184S
URIVER, 1846
VRIVER,1b47
DRIVER,184B
DRIVER,1849
DRIVER,1850
ORIVER,1851
UDRIVER, 1852
ORIVER,18S5%
URIVER,1854
DRIVER, 1885
DRIVER,18S6
DRIVER,1857
DRIVER,18BS8
URIVER, 1859
DRIVER,1860
DRIVER, 1861
DRIVER 18K2
DRIVER, 14N}
DRIVER, 1664
DRIVER ,1RKS
DRIVER,1866
ORIVER, 1887
DRIVER,1868
URIVER,1869
ORIVER,1870
DRIVER,1871
DRIVER,1872




TR T T

MIN
as7
dst
473
474
ar?
S07
512
Sy%

S47
550

5513
854
55k
Sk0
Se7
]72
L
578
S76
LYoy}
607
h1?
AtLA
hen
het
bk
LR
A7
641
ha2
LY
A2
65%
hbpS
A7
LA
T00
701
713
71u
7§77
721
72?
T4
128
y 4 i
734
748

OO0 nD

FJ1 = Jet

Al7,7eJ) 3 ZITRR((FJ1e1,)/FJ1)2A(7,Be))
135 CNANTINUE

0N tdo Ist,6

A(T,8) = ALNGIOCANONZT(T142)) = X(R)*ZTM2NO(T¢2) = X(9)
1u0 CNNTINYF

ZRANON 2 2INNN(R)

a(7,8) = ALNGTE » (CCCCCCUCE(12,%AA0]Y)*ZRNDN

* ¢ 11, %AAC1P))IwZRNON ¢ 10, %AA(L11))Y*ZBNUN ¢ 9, waa(10))*ZANNN
* + R OAA(Q)INTZRNUGN & T 2AA(R)IRTZBNON & f,%AA(T))*Z7BNON

« ¢ S5, *AA(K)I*ZANON ¢ 4 *AA(S)I*ZANON ¢ J %xAA(4))*728NON

* ¢ D,xAA(3))RZA/MON ¢ AA(2Y) @ x(B)

NOY 2 7

CALL SIILVF(A,X,ND)
IF(74,6GF ,Z5NN), wHERE ZSNOzALTKM(2132100 kM,
ANDNTTSANIIDAYR((ZH®100,)*%2 ¢ 7200,)/(10%(ZHef00,)t%2
¢ 7200,))
MOLFCULAR (IXYGEN (SINGLFT DELTA G) PROFILF PARAMETERS,
2N2n9n = ALTKM(19)
ZN210n =3 ALTYKM(21)
anN2ngn = N28DGNCELI)
KN209N = AL [G( N2SNDGN(22) /7402090 )/ (ALTKM(22)=202090)
1EC EDURN Y 1625150, 150
fug 2Nenyo = ALTKM(1S)
202080 = ALTRM(1T7)
ANRNTN = N2SDGN(1S)
AN2NBO = N2SNDGN(L7)
RN2070 = wALOG( AD2080/A02070 )/(2U20BR0=202070)
2(6) = ALOGIOC A02080 )
NN 144 I=1,4
2712 = ALTKM(T417)«2020R80
A(I,S) = 7112
DN 144 sy ,4
Al],S5=J) 2 Z21T2%A(],6eJ)
144 CONTINYE
2T11R = 202100%2N20B0
RES; 5 = §.,6
A(S5,0) = =BN2N9N*ALDGYE
DN 14k J=1,4
F!' & )
AlS5,S5w]) 3 711R*((FJet,)/FUYA(5,6m])
146 CANTINUF
DN 14R TI=1,%
ACI,6) 2 ALNGIOC N2SDANCI*17) ) e 2(6)
118 CNONTIMUE
AlU,6) = ALNGIO( AQ20090*EXP(«B02090%(2N2100%2N02090)) ) = 7(6)
NN 3 §
CALL SUOLVF(A,Z,N0)
6N TO 1S6
180 2MN2nso = ALTkM(11)
2Nen7IS = ALTKkM(1s)
ANENsN = N28phHpfLt)
4N2075 3 N2SDGD(16)
HN2N050 = eAlLNG( AN2NTS/A12050 )/ (202075=2N2050)
CALL FITTFRENALTUR,ALTKM,N28NGD,NNGO2N, § » 2 »D0D)
Y(o) = ALNGIOC AN207S )

121

DRIVER, 1873
DRIVER, 1874
DRIVER,1875
LRIVER,1876
DRIVER,1877
DRIVER,1878R
DRIVER,1879
DRIVER,1BRQ
DRIVER,18A}
DRIVER,18R2
DRIVER,1883
DRIVER, 18Ry
DRIVER,188S
ORIVER,18R¢
DRIVER,1887
ORIVER,18R8
ORIVER,1BR9Y
DRIVER,1890
DRIVER, 1891
DRIVER,1892
URIVER,1893%
DRIVER,1894
ORIVER,1895
URIVER, 1896
DRIVER,1897
DRIVER, 1898
DRIVFR, 1899
URIVER,1910
ORIVER,1Q01
UKIVER, 1902
DRIVER,1903
DRIVER,1904
DRIVER,1905
DRIVER,1906
DRIVER,1907
VDRIVER, 1908
DRIVER, 1909
DRIVER,1910
DRIVER,1911}
DRIVER, 1912
DRIVER,1913
ORIVER,1914
URIVER,1915
VRIVER 1916
DRIVER,1917
DRIVER,1918
URIVER,1919
DRIVER,1920
DRIVER,1921
DRIVER,1922
DRIVER,1923
DRIVER,1924
DRIVER,192%
DRIVER, 1926
DRIVER,1927
DRIVER,1928




47
52
787
760
Te1
710
776
1004
1no?
1011
1012
1014
1023
1028
1037
1040
1041
1046

1046
1047
1051

105%
1062
1068
1071

1072
1074
1101

1107
1115
1t1en
1121

1123
1125
1133
1134
1146
1150
£151

1183
1156
1157
1161

1162
1164
11783
1203
120k
1213
1214
1215
1224
1232
1240
124%

162

184

156

183

140

1he

1hu

Y(S) = =8020850%xALNGTE
DN 152 T34,%
2112 & ALTkM(Te16)e202075
ACI,4) = 7112#%7271]1°2
ACI,S) = ALNGIQC 028S0RDCI*1k) ) = 21122Y(S) = Y(6)
NN 182 J={,3
All,4eJ) = 7172%A(1,5e))
CONTINUF
ZTIR 2 72002090=72Nn2075
AfU4,d) 3 2, %7T71R
AfW,5) 3 «BN2090«ALNGTE = Y(5)
DN 1S4 J=1,3
FI1 3 Jef
Ald,umJ) = 21182 ((FJs1,)/FJ)aA(U,5=])
CANTINUE
NN = 4
CALL SULVF(A,Y,ND)
CONTINUF
0% (UZNNE)Y PROFILF PARAMETERS,
ZN3NU0 3 ALTKM( 9)
ZN3INT7S = ALTKM(16)
AN3INYO 3 O3INDAY( 9)
RN3NUN = «ALNGC OIDAYC16)/7ANIDL0 Y/ (ZNINTS«2030U0)
EF(10) = ALNGInC N3INDAY( 1) )
DN 158 T=31,R”
112 = ALTkM(I41)
AlI,9) = 7]
ACI,10) 3 ALNGIO( U3DAY(I*1) ) = FE(1N)
DN 158 Jag,R
Al],Qe)) = ZITZ'A(IcIOIJ)
CNNTINUE
ZT18 = 7013049
A(9,9) = 1,0
AlC9,10) 3 «ROIPUO*ALUGTF
NN ten J=i,R
FJ = )
A(9,9e]) = ZITRA*((FJe1,)/FJ)eA(9,10=J)
CONTINUE
NO = 9
CALL SOLVE(A,FF,NMN)
IFC IDURN ) 1k2,172,172
ZN3INSS = ALTRM(12)
ZNENTN 3 ALTKM(15)
ININTS B ALTkM(1p)
ANINTA & NINTT(1S)
HAINTO & @Al UG( NINTTCL6)/ANINTO Y/ (ZNINTS=ZU3INTO)
vN3fs) =
vN3lS) 2 «RNINUNeALNGTE
DN 1md T291,%
2712 =2 ALTRM(1412) ® 20INSS
AlL,4) 3 7217277117

ArL,5) = ALNGIOE NINIT(T412) ) @ Z2112avN3(S) & VI3(6)

DN 164 Jey,3

All,del) = 2112#4(],5eJ)
COANTINUF

ZT1R = 203NT(*2N3NGS

ALNGIO! ASDUO*EXP(=RIZDUO*(70INSS*ZNEDUN)Y)

ORIVER,1929
UDRIVER,1930
ODRIVER ,19%
DRIVER,1932
ORIVER 1933
CRIVER,1934
ORIVER,1935S
DRIVER,191%s
DRIVER,191%7
ORIVER,1938
DRIVER,1939
URIVER, 1940
DRIVER, 1941
DRIVER,1942
ORIVER, 194}
DRIVER, 1944
DRIVER, 1945
UDRIVER,19us
DRIVER, 1947
DRIVER,19u8
DRIVER, 1949
DRIVER,1950
DRIVER,1951
DRIVER, 1952
DRIVER, 1953
URIVER, 1954
DRIVER, 1955
DRIVER, 1954
DRIVER,1987
DRIVER,19%8
DRIVER,1989
UDRIVER,1960
URIVER,1961
DRIVER,1962
ORIVER,1943
DRIVER, 1964
DRIVER,19AKS
ORIVER, 1966
DRIVER,1967
DRIVER,1968
DRIVER,1949
DRIVER,1970
DRIVER,197}
URIVER,1972
URIVER,1973
NRIVER, 1974
DRIVER,197%
DRIVER,197s
DRIVER,1977
DRIVER,1978
DRIVER,1979
ORIVER,1980
DRIVER,198}
ORIVER,19R?
URIVER,19A}
DRIVER, 19484




12458
12dé
1252
1257
1261

127%
1274
1278
1300
1301

1303
1313
1318
1320
1325
1326
1327
1336
1%44
1352
1359
1357
{380
13p4
1371

1373
1408
1un6
1407
1412
1414
1418
1417
1427
1431
1434
144!

144?
144U
1452
1ds0
14bb
1471

1473
1474
1500
1508
1807
1521
18027
1523
1530

1530
1537
1540

1466

168

170

174

176

178

Al4,4) B 2,92118
A(4sS) 8 «xNINTA2ALNGTE = VNJIS)
0N 166 Ja1,3
Fl = Jef
Afd,ueJ) & Z21TRe((Fley Y /FJ)eh(lU,5=])
COANTINUE
N B 4
CALL SULVF(A,VNY,NO)
ZO3N9A = AL TKM(19)
ANINGN = NINIT(19)
BOINGA 3 eal(G( UINTIT(22)/7ANINGO Y/ (AL TKM(22)=215NGN)
wNla) a3 ALNGLOC NINIT(16) )
wN3(5) 3 =aRNINTASALOGTE
DN 16R 131,33
2112 = ALTxM(Te1p) = 703NTS
AlI,4) = 21712#%72112
ACI,5) 3 A NGIOC OINTT(Tele) ) = ZII2swn3(S) » wul(A)
NN 16R J31,3
All,deJ) 2 7172%a(],5eJ)
CANTINUF
2118 = Z2)3N90=2N3INTS
AfU,4) & 2 #7718
AfU,S) & «RNINQA*ALOGTE e wN3(S)
PO $70 J=1,3
FJ 3 Jei
Aldyue)) 3 ZITRe((FJey,)/FJYeahA(4,S5e])
CONTINUE
N B U
CALL SOLVEC(A,wnN3,NO)
GN T) 178
IN3INYNH 3 ALTKRM(19)
AN3INGN = NINAY(19)
BN3NGN & w»ALOG( (130AY(22)/AN3INQ0 Y/ (ALTKM(22)«Z03D90)
UN3te) = ALNGLIOC N3IDAY(Ls) )
UN3ts) = «R’N3IN4O«ADGTE
DO 174 131,%
2112 2 ALYKM(T+16) = 203075
afl,q) s Z2112#%2112
ACI,5) ® ALNOGIOC NIDAY(Tele) ) = 7112+4u03(S) « 1IUY(H)
pn 174 Js1,3
All,dmJ) = 72172eA(],5e))
CNNT INUE
Z7IA = 7N3¥DQO=2N3NTS
AlU,4) = 2,¢711R
AC4,S) = «803NIN*ALOGTE » UN3(S)
DN 176 Jsi,3
F! 2 Jef
AlU,deJ) & 21TRC((FJey,)/FJ)aA(U,S5e])
CANTINUF
N s
CALL SOLVF(A,UNDY,NO)
CANTINUE
FIT COEFFICTENTS FUR NU2 (DAY AND NIGHT),
CALL FITTER(NKMNU2,ALTKM,8NN2D,NDARNOR, 1, 2 ,HH)
HNO21D B ALTKM(29)
HN(J22D = ALTKM(33)
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DRIVER,19RS
DRIVER,19Rs
UPIVER,19RY
URIVER,19R58
URIVER,19R9
DRIVER,1990
DRIVER,199})
DRIVER,1992
UDRIVER,199}
URIVER 1994
DRIVER, 19095
UNJVER, 1996
DRIVER, 1997
URIVER,1994
URIVER, 1999
ORJVER,2000
DRIVER,2001
DRIVER,2002
DRIVER,2003
DRIVER,2004
DRIVER,2008
DRIVER,2008
DRIVER,20N7
ODRIvVER, 2008
DRIVER,2009
ORIVER,2010
DRIVER,2011
DRIVER,2012
ODRIVER,2013
DRIVER,2014
DRIVER 2015
URIVER,20's
DRIVER,2017
DRIVER,2018
ORIVER,2019
DRIVER,20020
ORIVER,2021
DRIVER, 2022
DRIVER,202}%
DRIVER,2024
VRIVER,2025
URIVER,2026
OR1VER,2027
DRIVER,2028
URIVER,2029
DRIVER,2030
ORIVER,20%1
DRlVER,2032
DRIVER,2033
VRIVER,20%4
ORIVER,2038
URIVER,20%8
URIVER,20Y7
DRIVER,20%8
ORIVER,2039
DRIVER,2040




1542 ANUDFND = ANNQRFF( WNNDD2D ) DRIVER,2041
{Sus HNU2O0 = HKNN2tDedN(I22N URIVER,20up
1547 RNUP212 = ANNQFF( HNNR2(D ) / ANORED CRIVER,2043
1852 PHN258 8 ANNRFF( SS, ) + ANNDAF( S5, ) =« ANONZp URIVER,20uy
154% ANUPKE = SNNRAN(14) DRIVER,2048
1564 HN(IPRS 3 ALTKM(12) DRIVER,20Usk
1S66 HNOP26S @ ALTKM(14) DRIVER,2047
1567 HNUPDN 2 HNNPSSenNU24% DRIVER,2048
1871 RNU2FA = FNNR2S8/AN(02KS URIVER,2049
1973 AN(I2R2 = ANNQFF( R2, ) URIVER,2050
18576 HNO2B? = A2, ORIVER,2051
1877 HNUPDR 3 WANN2ASeHNUO2R?2 DRIVER,20S5¢2
1600 RNIIPB2 = ANN2KS/ANQ2B? URIVER,2053

(o FIT COEFFICIENTS FOR Hen, DRIVER,2084
1603 CALL FITTER(NKMH2N,ALTKM H2ODN,NDGHRO, 1 , 2 ,G6) DRIVER,205%
1611 HPU120 = AHRUFF( (20, ) DRIVER,20S56
1615 KF THIKN DRIVER,20S57
1615 200 CONTINUF ORIVER,2058

€ec ORIVER,2059

€ AN ERRONEOUS CUNDTTION WILL OCCUK IF SPCMIN IS CALLFO wlTH ORIVER,2060

€ kK3? AND A GIVEN VALUE NF ZH TF ATMNS!) HAS NOT BEFN CALLED DRIVER,2061

C FIR3YT wITH KKz2 AND FOR THE SAME VALUE OF Z2H, DRIVER,2062

o THE VARTARLF ZHFLAG IS USED TN DETECT THIS CONDITION AND DRIVER,2063

C T MaAKE THE REGUIRED CALL TN ATMUSyY, CRIVER,2064

C ZHFLAG 1§ TINITIALTZED TO AN ARBTTRARY NEGATIVF VALUF IN URIVER,2065

C THME INITIALTZATION CALL TO ATMUSU, DRIVER ,20k6

cec DRIVER,2067
1645 IFC ZH NE,ZHFLAG )Y  CALL ATMNOSU(2,2ZH) ORIVER,2068

o COMPUTE OFNSITY (F N DRIVER 2069
1621 IF( IPORN ) 210,215,218 DRIVER,2070

c NIGHTTIME N DRIVER,2071
1kh25 210 IF( ZHeZPNN ) 212,211,711 DRIVER,2072
1630 211 SNICT) = (ANNZ2/S1Z2NY*SNTIC(1Y) VRIVER,2073
143% 6N YO 220 DRIVER,2074
1633 212 IF( ZHeZ{INN ) 214,21%,218 DRIVER,2078
1636 213 SMI(T7) = ANNAF( 2K ) DRIVER,20%e
14461 GN TN 220 DRIVER,2077
1641 214 SNIC7) = ANNZY DRIVER,2078
1643 6N 10 220 DRIVER,2079

c DAYTIME N ORIVER,20R0
164% 215 IF( ZHeZ2ND ) 217,216,216 DRIVER,2081
1646 216 SNI(7) = (AND72/8122N)#8NIC(1) DRIVER,20R2
1651 GN TO 220 URIVER,P0RY
1651 217 IF( ZH=ZIND ) 219,218,218 DRIVER,20R4
1684 218 SN1(7) s ANDAF( ZW ) DRIVER,20RS
1657 GN TO 220 ORIVER,P0Rs
1657 219 SNI(7) = ANDZ1Y ORIVER,20R7?
1661 220 CONTINUF DRIVER,P(RR

C COMPUTE DENSITY (1F NQO DRIVER,20RGQ
1461 IF(7HeZTNN) 2Pk4221,221 DRIVER,2090
1hel 221 1F(7HmZANN) 223,222,272 DRIVER,2091
1667 2722 IHM78 = IHe7BN( DRIVER,209¢2
1671 SNI(BY & ANNZR«FXP(2ZHMZA®DLNDARZ) DRIVER, 2093
1ATA 6N TR 224 URIVER,2094
1700 e23 ZHMY7 = IM e 77NOD DRIVER,2095

1702 SMICR) B ANNZTwEXP(ZHM2TaDLNDTZ2@0 1 *ZHMTTaa22 (DLNNTZ=NLNORZ)) DRIVER,209s



1714
1717
1720
1728
1728
1734
1741
1742

1763
1764
1767
Ly 2
1776
2000
2enne
2nope
2004
2ntd
2ntu

antd
2047
enze
2nin

2n3e2
2nN36
2n3y?
2n3’
2nud
2nse
2Nsd
2088

2o

2n7?
2n7s
2017
2101
2101
2108
2114
2116
2117

213%

2153
2136

2137
2142
FARL

224 IF( IPDURN,GF,0 ) GO TN 229
225 IWMM752 = (ZHelon,)aw2
SNI(BY & SNT(R)#(ZHWMZK5247200,)/(10,%2%M752¢7200,)
6N TO 229
226 IF( IPORN,GF,0 JOR, ZH,GE,ZuNON ) GO TQU 2283
IF( ZHwZ2NON ) 228,227,227
227 IM2NUN B ZHeZ2NNN
SNI(B) = 10, #%CC(CCCCEXCLINZMONON 4 X(2))®ZM2NUN ¢ X (%)Y #7M2NON

* ¢ XCU))RZMANUON ¢ X(S)IwZMANON ¢ X(6))«ZM2NUN
* ¢ XCT7)Y®ZMRNON ¢ X(R))I#ZMANON ¢ X(9))
6N T 229

228 IF( ZHeZIN(ON ) 22R2,2281,22A)
P2R1 ZM2NON = 7He2?NNN
SNICRY 3 ANNNZ2#EXP(ZM2NON®ANONS])
GN TO 229
P2RP SNI(8) =3 ANNNZ{
GN TO 229
22R3 SNI(B) a ANNDAF( ZH )
TF( IPURN,GF,0 ,0UR, ZH,LT,100, ) GO 1D 229
GN T 228
229 CNNTYINUE
CAMPUTE DENSITY OF 02(1 DELTA 6)
IFC ZH L T,202100 ) GN T 234
2%0 SNI(1%) = AN20QN*EXP («B8N2090w(ZH=2U2090))
GN 10 238
°31 IF( INPORN ) 232,235,235
NIGHTTIME N2(Y DELTA 6)
232 IF( ZH,6GT,2n2070 ) GO YO 233
SNIC1I%) = AN2NTO
GO T 23R8
233 IF( ZK,GT,2020K0 ) GN TO 23%4
SNIC(13) = AN207N«FXP(«BN2N0T0&(ZHeZUR070))
GN T 23R
234 ZHMKM =z ZHel(020RQ
SNICIR) = 10, %%t ((((ZC1IaZHMKM & 7(2)IZHMKM & 2(3))a7HMKM
* ¢ 2(U))RTHMKM ¢ T(S)ITHMKM & 7(6))
GN TU 238
DAYTIME N2(1 DELTA G)
235 IF( ZM,GE,2N2090 Y 6N TO 230
1F( ZH,GE2ZN208A ) 6N T 2%e
SNI(1%) = AN2SDF( ZH )
6N Y0 234
2%k IF( ZH,6T7,2M2075 Y GN YO 2%7
SNIC1Y) 3 AN20S5N*FXP (aBN2050*(ZHe71)20%0))
6N TO 2%R
217 IHMKM 3 IHeZ202075
SNIC13) = 10, %« ((((Y(1)®ZHMKM ¢ Y(2))a7HMKM & Y(3))a7HMKM
* ¢ Y(U))RZHMKM ¢ Y(S5))aZHMKM o Y(6))
238 CONTINUF
CAMPUTE DENSTITY (OF N3 (NZNONE)
IF( ZH,LT,2N30an )Y GN TO 243
IFC INURN ) 239,244,pud
NTGHTTIME 03
239 IF( ZH,LT,ZNn3NgS ) N TO 24d
IFC ZH,GEL,2N3NTO ) 6N TO 240
IHMKkM £ 7He7NINGS

URIVER,2097
DRIVER,2098
DRIVER 2099
URIVER,2100
DRIVER,2101
PRIVER,21N02
ORIVER,2103
ORIVER,2104
DRIVER,2105
DRIVER,2106
DRIVER,2107
URIVER,2108
DRIVER,2109
DRIVER,2110
DRIVER,2111
DRIVER D112
DRIVER,2113
DRIVER,2114
URIVER,2115
DRIVER,2116
DRIVER,2117
DRIVER,2118
DRIVER,2119
ORIVER,2120
DRIVER,2121
DRIVER,2122
DRIVER,212}3
DRIVER,2124
DRIVER,212%
DRIVER,2126
DRIVER,2127
DRIVER, 2128
DRIVER,2129
DRIVER,21%0
DRIVER,2131
VRIVER,21%2
ORIVER,21%3
URIVER,?21%¢
DRIVER,2138
DRIVER, 2136
URIVER,2137
DRIVER 2138
DRIVER,?213%9
DRIVER,2140
DRIVER,214}
ODRIVER,214p
DRIVER,2143
ORIVER,?14d4
DRIVER,2145
DanEnoalub
DRIVER,2147
DRIVER,2148
DRIVER, 2149
DRIVER,2150
DRIVER,21S1
ORIVER, 2182



2148

2161
2ln?
2leb
2178
FARA]
2201
2203

2?17
222n
2227

2231

225}

2254
2260
2267
2210
221%
22718

AR
2312
2322

2322

23eu
2327
2335
2136
2vu?
2350
21sn
2354
2ik?

FALYS
PATL
FAR A
2370
23717

23717
2un?
24donu
2uyd
2uyd
2413
eury

240

2uy

*

2ue

2ud

2us

2us
247

2uB

280

281

282

s}
2ht

2ke
2hl
299

SNIC1U) = 10, *#a((CCCVOICII*THMKM & VO3 (D)) 4ZHMKM
¢ VOZ(U))eZHMKM & VUT(5))eZHMKM

6N TO 247

IF( ZH,GT,2N3NTS ) 6N TO 24y

SNIC14) = AONINTOSEXP(«BOIN7OR(ZHeZUSINTQ))

GN TU 247

IF( 2H,GE,203NQ0 )Y  GN TO 242

IHMKM & ZHaY()INTS

SNIC1d) = 10, #aC(C((WN3(L)RZHMKM & WUS(2))ZHMKM
¢ WOT(U)IRZHMKM & WUS(S))aZHMKM

GN T 247

SNIf14) = ANDINQN*EXP (aBOINGAX(ZHeZUINGQ))

GN TL 247

VOI(3) )« ZHMKM
vOo3(s))

WOZ(3))eZHMKM
wO3(6))

IF ZH,LT,40, » BOTH DAY AND NIGHT USE FNLLUWING,
2N3 SNI(14) = 10 *#xf(C(CCC(CEE(1)®ZH & EE(2))*IH ¢ EE(3))2IKH
¢ FECUI)RZH & FE(S))aZH ¢ FECL))*ZH ¢ EE(7))#lN

¢ FE(R))I*ZH ¢ FE(QY)#2H o EEC(10))

GN TY 247

DAYYTIME 0%
IF( ZH,GT,2N3N78 )Y G0N T 24S
SNIC14) 3 ANINUNXEXP (eRNIDUO*(ZHe7USDAE0))
6N T0) 247
IF( ZH,GEL,ZN3NQN )Y N TU 2ue
IHMKM 3 ZHe7N3DTS

SNIC1U) = 10, wa((CCLUNSCI) AZHMKM ¢ UUZ(2))#ZHMKM ¢ JUB(3))aZHMKM

¢ UDT(U))e7MMKM & YUI(S)) 2 ZHMKM ¢

GH T 247
SNIC14) 3 ANYNGN2F xP («BUID9 e (ZHe7U3D9())
CONTINUE
CNMPUTE NENSITY 0OF NO2
IF( IDORN ) 24R,252,75°?
NTIGHTTIME NN
IF( ZH,GE,HNN25S )  GN TO 250
SNI(15) = ANOP2FF( ZH )Y ¢ ANNDAF( 7H ) = SNI(8)
GN TU 2k1
IF( ZH,GT,NNO26S ) 6N TO 251
SNIC1IS) s ANNPAS * RNN2FA**((ZHeRNUP6S) /HNU2DN)
LN THO PA
IF( ZH,GT,NND2B2 ) GN TO 252
SNTIf1S) 3 ANDPR? # RNNRR 2*a((ZHeWNUPEB2) /HNU2DAR)
GN T 261
DAYTIME NOD
IF( ZH,GT  HNO22D Y GN T 253
SNIf1S) 3 ANNPFF( 24 )
GN TO 261
SNIC(1S) 3 ANOPFD « RANN212%a( (ZHeHND22P) /HND2DD)
CONTINUYFE
CNAMPUTE DFNSITY OF H2M0 (DAY AR NTIGHT)
[F( ZH,GE,120, ) GO TN 262
SNIC1R) 3 AMRNEF( ZH )
G0 YO 263
SNIC1R) 3 H2O1202FxP(w0,166%(2He120,))
CONTINUF
RETIRN
END

uus(ed)

DRIVER,2153
DRIVER,2154
DRIVER,21SS
DRIVER,2156
DRIVER,2187
DRIVER,2158
DRIVER,2159
DRIVER,214K0
DRIVER, 2141
URIVER,2162
URIVER, 2163
DRIVER, 2164
DRIVER,2165
ORIVER, 2166
DRIVER,2147
ORIVER,2168
DRIVER,2169
DRIVER,2170
DRIVER,217}
DRIVER, 2172
ODRIVER,2173
ORIVER, 2174
VRIVER,217S8
DRIVER,2176
DRIVER, 2177
DRIVER,2178
DRIVER,2179
DRIVER,21R0
ORIVER,?181
DRIVER,2182
DRIVER,21R}
UDRIVER,21R4
VRIVER,21RS
DRIVER,2186
DRIVER,2187
DRIVER,2188
VRIVER,21R9
DRIVER,2190
DRIVER,2191
DRIVER,2192
URIVER,2193
ORIVER,2194
DRIVER,2195
UDRIVER,2196
DRIVER, 21897
DRIVER,2198
DRIVER,2199
DRIVER,2200
DRIVER, 2201
DRIVER,2202
DRIVER,2203
DRIVER,2204
DRIVER,220%
DRIVER, 2208
DRIVER 2207




E
3
4
ZTTOUT
SUBROITINF 7YTOUT URIVER, 2208
cce DRIVER,2209
€ SUBRJUTINE Z2TTOUYT CONVERTS A GREGNRTIAN CALENDAK DATFE (20 TH DRIVER,2210
[ CFNTURY yFAR TYRg, MONTW TMONS, DAY IDAYS) AND ZUNE TIMF IT DRIVER,2211
€ AT FAST LONGTITUNE PLON T GREGURIAN CALENNAR NATE AND MEAN ORIVER,2212
C TIMFE UT AT GREENWICH, DRIVER,2213
(557 DRIVER,2214
(= REVISTOGN 02 (11/1R/74) PROVIDFS,,, VRIVER, 2215
€ 1, TFST FOR LFGAL INPUT DaTE, DRIVER,2216 {
c INPIIT PARAMETERS DRIVER,2217 :
€ IYRS w NUMBER OF THE YEAR IN THE 1900 S (E,G,sr 1974 DRIVER, 2218 i
# BRFCOMFS 74), LDRIVER,2219
€ I[MONS o NIIMBER (JF THE MONTH (F,G,, FERRUARY BFCNMES 2), URIVER,2220
€ INAYS e DAY (OF THE MONTH ORIvER,2221
o 77T @ ZONE TIME FOR THE 1SeNEGRFE LONGITUDE INTERVAL LRIVER,2222
(= CONTATNING PLON (PECIMAL HRS) DRIVER,2223 ]
c PLON e EAST LONGITUDE NF POINT P (RADIANS) ORIVER,2224 |
cec DRIVER,?225 §
6 NNTPUT PARAMETERS DRIVER,2226 |
[ TYRS o A PNSSIBLY REVISED VAL JE (F THE INPUT PARAMFTFR, DRIVER,2227 !
(o CORRESPNONDING TO GREENWICH, DRIVER,2228 g
C IMINS = A POSSIRLY REVISED VALUF NP THE INPUT PARKAMETFER, DRIVER,2229 |
€ CNRRESPONDING TN GRFEENWICH, DRIVER,22%0 i
€ INAYS « A POSSIRLY REVISEN VALUF 0OF THE INPUT PARAMETFK, ORIVER,22%) !
(= CNRRESPNANDING TN GREENWICH, LRIvVER,22%2 |
& UT w UNIVERSA TTME (DECIMAL HRS) DRIVER,2233 |
ccc DRIVER,2234 |
C DEFINTTION DOF DATA DRIVER,2238 |
€ IDAYMO(T) 3 DAYS TN THE ] TH MUNTWH NF A NONwLFAP YEAR DRIVER, 2236 {
cec DRIVER,2237 |
COMMUN/TIME/  TYRS,IMNNS,T0AYS,2T,PLAT,PLONJUT,GAT URIVER,22%38 |
DIMFENSINN  TDAYMO(12) DRIVER,221%9 |
DATA  (TDAYMO(TIY,I31,12) / 34,2R,%4,30,%1,30,%1,31,30,31,30,31 7 ORIVER,2240 |
DATA PT / 3,14159265%590 / DRIVER,2241 ‘
ccc DRIVER,2242
C CONVERST(N FROM ZNNE TIME 2T TU GREENWICH MEAN TIME (1,F,, DRIVER,2243
o UNIVERSAL TIMF UTY Is DONE Ry FTRST FINDING THE TTIMF 20UMNE ODRIVER,224u4 |
(> CONTATINING THE LONGITUDE PLON, OR[VER,2245 ]
c NTPTS 18 THF INTEGRAL NUMBRER NF 7,5«DEGREF INTERVALS TN THE DRIVER,224us {
(% AFSTERLY DIRECTTION FROM GREFENWICH 10 THE LUNGITUDF NF INTFRFSTDRIVER, 2247 !
C PLON, N7PTE MAY RE 0 OR ANY TNTEGER UP TO AND INCLUDING 47, ORIVER,?248 {
¢ MOWFVFR, THF TIMEeZONF NUMBFR [ZUNE IS 0 FUR N7PTS FQuiAL YO DRIVER,2249
C 0 OR 47, [7UNE RANGES FrROM 0 10 23, DRIVER,2250 |
cec ORIVER, 2251 |
c TFST WHETHER TNPUT DATE [S | EGAL, DRIVER, 2282 |
IFC 2T,LT,0,0 ,NRy 27,GE,2d, ) GN TU 999 DRIVER,2253 |
11 IF( JYRS,I T,1 ,0R, TYRS,6T,99 ) G6U TN 999 ORIVER,?254 |
20 IF( IMONS,LT,1 ,0R, IMUNS,GT,12 ) GU TN 999 ORIVER,225% |
C IF YRS 1s A LEAP YEAR, SET 1DAaYMU(2) 3 29 DRIVER,2256 |
27 LEAP & MN(TYRS,d) DRIVER,2257 !
3 IF( LFAPLEQ,0 ) IDAYMD(2) 3 29 DRIVER, 2258 |
3 IFC INDAYS,LT,! (IR, INDAYS,GT,TDAYMUCIMONS) ) GO YU 999 DRIVER,229%9 |
ad P12 3 2,#P] DRIVER,2260 |
48 PIN2 & P1/2, DRIVER,2261
uk RADNEG = P1/{Rp, DRIVER 2262
50 NTPTS = (PI2«PLNN)/(7,5%RADNEG) DRIVER,2263
E
127 J

GRS e I e —



5% IF( NYPTSed? Y 10,P0,20 DRIVER,226k4

Se 10 12UNE 3 (NTPTSet) /2 DRIVER,2265
| 61 GN T 30 VDRIVER, 2266
' 61 20 IZ20NE = 0 DRIVER,2267
| 62 30 ZONF = FLDAT(TZNNE) DRIVER,?268
| (o] URIVER,2269
| C SKHIFT 1N CONVENTINNAL ZNNE DESCRIPTTIUN, D (SFE, F G, URIVER,2270
| C AMERICANM PRACTICAL NAVIGATOR C(URIGINALLY RY N, RUWUTITCH), DRIVER,2271
| C UeSe NAVY W,0, PUR, NN, 9, P,U89, OF 1962 CNKRECTFD RFPRINT DRIVER,2272
| c ENITINN, AVAILABLF FROM y,s, GOV, PRINTING OFFICE)Y, DRIVER,2273
[ €CE DRIVER,2274
63 IF( PILONGGT,PYT )Y GO TO 35S URIVER, 2278
| 67 D 3 ZUMEe24, DRIVER, 2276
70 GN TO 4b URIVER,2277 ]
71 15 ZD = Z0NE DRIVER, 2278
7% 40 UT = 271420 DRIVER,2279
€ MIIST SHTIFY TO NExXT DAY TF(uT,.GE.24,) URIVER,22R0
7% IF( uY,GE,24, ) GU TN SO DRIVER,22R}
C MIIST SHIFT TU PREVIOUS DAY TF(UT,LLT,0,) ORIVER,22R?
100 IFC UT,LT,0,0 ) GU TN d§ DRIVER,2283
c NN SHTFT T8 NECFSSARY IF(UT,LE.040 (AND, UT,LTY,24,) DRIVER,2284
101 GN T0 60 ORIVER,22R5%
1019 45 UT = LITe24, DRIVER,2286
103 INAYS = [NPAYSey DRIVER,2287
(» CNKRECT MONTH AND YFAR TF NECESSARY, DUF Tu CHANGTING THE DATE DRIVER,22RR
[ IN CUNVERTING TO 1T, DRIVER,22R9
[ CNRRECYT INAYS AND IMONS IF MONTH NDECKEASEDN AT GREFNWICH ORIVER,2290
10% IFC INAYS,GE,1 ) GO v 60 DRIVER,2291
106 INAYS 3 INAYMD(TMONSet) DRIVER,2292
110 IMONS 3 IMONSey URIVER,?2293
c CORRECT IMONS AND IYRS TF YFAR DEFREASED AT GREFANWICH URIVER,2294
111 IF( IMONS,GF,t ) GO T0U 60 DRIVER, 22958
112 IMONS 3 12 DRIVER,2296
11% IY*S 5 TYRSey DRIVER,?297
118 GN Ty 6n DRIVER,229A
118 S0 UT 3 ITe24, DRIVER,2299 |
117 INAYS 3 [DAYS*| CRIVER,230¢ |
C CNRRECT MONTH AND YEAR TF NECFSSARY, DUE TO CHANGING TWF DATE DRIVER,230% |
C IN CONVFRTING TO UT, DRIVER,23n¢ ]
C 1F YRS 13 A LEAP YEAR, SET TDAYMU(2) = 29 DRIVER,2303 |
121 LFAP & MON(TYRS,4) DRIVER,2504
123 IF( LFAPLEN,N ) TDaYMO(2) = 29 URIVER,2305 |
[ CARREFT INDAYS AND IMONS IF MUNTH INCREASED AT GREENWICH DRIVER,2306 |
125 IF( IPAYS,LF,IDAYMOCIMONS) Y 6N TU 60 DRIVER,2307 |
130 IDAYS = | DRIVER,2308 |
130 IMUNS 3 [MONS+| DRIVER,2309 |
c CNRRECT IMNNS AND IYRS T[F YFAR INCRFASED AT GREFNWICH ORIVER,2310 |
132 IFC IMONS,LF,12 ) GO TN 60 DRIVER,2311
134 IMONS = 1 DRIVER,2312 |
134 IYRS = TYRSey DRIVER,2313
136k nO RETIRN DRIVER,2314
137 909 WRITE(H,T77T) DRIVER 231§
777 FNORMAT (40N0 & » * TLLFGAL DATF INPUTTFD * & » ) DRIVER,2316
143 CaLL FxIT DRIVER,2317
; 144 END DRIVER,2318
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ub
51

T4

110
114
3 &y
121
123
127

13%
tun

148
147
150
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CHEMQ

SUBRIUTINE CHFMA(GDELAY,ENPN,OPR,FNFW)

STEADYeSTATF TNNTIZATINN FOR THF Fe AND FeREGINN

THE FOLLOWING EQUATINN SET TS SOLVED
0 2 «ALPHARX(NSIR(E) o RETANAIN®) e Ka(D)&(N+) + ON
0 8 «APHAR®(Ne)x(E) ® BETANK(U+) ¢ Ka(N)a(Ne) ¢ N0
0 = «ALPHAD*(Me)Iw(E) ¢ RETANK(NS) ¢ BETAQ#*(N+) + OM
INPUT FRQM CALL SFQUENCF

GPELLAY = DE{ AYFN RADIATIUON TUN PRODUCTINN RATE (CMe3aSECwi)
OQUTPUTS TN CALL SEGUENCEF

ENPR 3 STEADYeSTATE FUNCENTRATIQN OF (N¢) (CM=3)

NPy = STEADYSQTATE CUNCENTRATION OF (0e) (CMe})

ENEQ = STEADY@STATE FONCENTKATTION NP ELECTRONS (CMe3)
INPUTS FROM SPECQ COMMUN

SPECIES CONCENTRATINNS, CNe 3 (N2), CN2 3 (02), 444 ¢ CNP = (N#),

ETC, (CM=3)
TV 2 NITRNOGFN VIBRATION TFMPERATURE (DEG X)
TF ® FLFCTYRNAN, OXYGEN EXCITATIUN TEMPFRATURE (DEG K)
16 = GAS TEMPFRATURE (DEG )

CNMMON /SPECQ /s CN2,CN2sCNO,CNU48,CN2D,CO,CNP,CUP,CENE, TV, TE, TG

CMP = CENE e (1P e CNP

CATE2 ,#(CN2#COIP¢CNU) ¢CNUSECNRN+CD
RFACTION RATES
ATOMIC TON RECUMRINATION

ALPHARZRATE ({1, YE)SRATE (12, TE)wCENE®] ,SE@0T7*SORT(CENE)/(TFanl)

MOLECIHLAR NN RECNMAINATINON
ALPHANSRATE ({3, TEYSRATE(14,TE)
(N+) 1 0SS
XNPN2RATE(S, TRY«CN

HETANBWATE (4, TGI*CN2S(RATE (1, TGISRATE(2,TG))*CUR+RATELS, TAR)*CNU+

YNPY

(Ne) LOSS
RFTAODZRATE (10, TV)*CNsRATE(Q,TG)wr0R

1NN PRONDUCTYTON RATES
WMED @ (FND4CU24CNO) /CATHGNELAY
UNSCCNUSerNAD) /PATSONFLAY
QNzCO/CAT#QNEL AY
ASINGLN)

ATERMaSNKRT (NA*A| PHAR)
UGN gUNeX NP I# N/ (RFTANSATERM)

FRACTTINN Fhn 3 (NeY/(A®), FO 3 (Ne)/(As)
FNS(AN®(BETAJeATERM) ) /(IONRIBFTADSATERM) ) GO # (RETANCATFRM))
FNzy ,eFN

ESFFCYIVE ATUMIC TUN LOSS RATF
HETRARSFNARFTANGFN®RE TAD

EQUTLTRRIIM ATUMIC TON CONCFENTRATYIONS
HE0 ,5*KRFTRAR/APHAR
A=QA/ALPHAR
JIF(ReRa1 0NN, #A)10,11,11

DRIVER,2319
DRIVER,2320
DRIVER, 2321
DRIVER,2322
DRIVER,2323
DRIVER,2324
LRIVER,2325
DRIVER,2326
DRIVER,2327
DRIVER,2328
ORIVER,2329
DRIVER,23%0
DRIVER,233}
DRIVER,23%2
DRIVER,2333
PRIVER,23%4
DRIVER,2315
DRIVER,?23%s
DRIVER,23%7
VDRIVER,2318
DRIVER,2339
DRIVER,2340
DRIVER,234}
ODRIVER,P342
DRIVER,2343
DRIVER,2344
DRIVER,234S
DRIVER,?34s
ORIVER,2347
URIVER,2348
DRIVER,2349Q
DRIVER,2350
DRIVER,2351
DRIVER,2352
URIVER,2383
URIVER,2354
ORIVER,?35%S
DRIVER,23S56
DRIVER,2357
DRIVER,2388
PRIVER,23%9
DRIVER,2340
URIVER,2361
LDRIVER,2362
DRIVER,?2363
DRIVER,2384
DRIVER,?23K5
DRIVER,?348
DRIVER, 2347
DRIVER,2348
UDRIVER,2389
DRIVER,?370
DRIVER,2371
DRIVER,2372
DRIVER,?373
DRIVER,237%4




156
164
107
172
174

1758

210
Ch 8

11
12

APJ=aR$SART(HeR4A)
GN T 12
APUZ(0,5%A/h
ENPRsFNRAPQ
NPUsFNaAPD
EQUTLTRRIIM ELECTRON DENSTTY
ENENS(0,5%APQ) 4SURT((N,S¢APR) %22+ (UM¢RETBAR®APG) /ALPHAD)

RE TIIKN
END

DRIVER,2378
DRIVER ,D17p
LDRIVER,2377
URIVER, 24878
DRIVER,2379
DRIVER,23R0
DRIVER,23R1
DRIVER,23Rp
DRIVER,258R3
DRIVER,?23R4
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CI-65

CI-72

Ev-T73

GE-70

KS-75

LL-75

Lo-73a

Po-73a

Ra-T2

Ri-73

US-62
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